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PREFATORY NOTE, . Cx^S 



In the preparation of the following pages a few leading 
objects have been kept in view by the author. 

First. To give, within the compass of one small volume, 
such descriptions of the various metliods of locating country 
roads, and of constructing the road and street coverings in 
more or less common use at the present day, iis will render 
the essential details of those methods, as well as certain im- 
provements thei-eon of which many of them are believed to 
be susceptible, familiar to any intelligent non-professional 
reader. 

Second, To make such practical suggestions with respect 
to the selection and application of materials, more especially 
those, with the properties and uses of which builders are 
presumed to be the least acquainted, as seem needful in 
order to develop their greatest practical worth, and realize 
their greatest endurance. 

Third. To institute a just and discriminating compar- 
ison of the ]-espective merits of the several street pavements 
now competing for popular recognition and favor, under the 
varying conditions of traffic, climate, and locality, to which 
thov are commonly subjected. 

Q. A. 0, 

Nicw TonK, March 1, 1870. 
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CHAPTER I. 

LOCATION AND GRADES OF COUNTRY ROADS. 

Considerations Governing Location. 

The considerations which should govern tlie Engineer in 
locating the line of an ordinary wagon road are (1) tlie 
present and prospective amount of traffic over the road ; (2) 
its general character, whether light or heavy ; (3) the con- 
venience and necessities of the community tributary to the 
line ; and (4) the natural features of the country through 
which the road must pass. The labor of the preliminary 
examination of the ground will be considerably lessened by 
keeping in view a few elementary principles, viz : (1) that 
the natural water courses are not only the lowest lines, but 
the lines of the greatest longitudinal slope in the valleys 
through which they flow ; (2) that the direction and posi- 
tion of the principal streams give also the direction and 
approximate position of the high ground or ridges which lie 
l)ctwceu them ; and (3) that the ])ositions of the tributaries 
to the larger streams generally indicate the points of 
greatest depression in the summits of the ridges, and thorft' 
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fore the poiats at which lateral commuDication across the 
high grouDd separating contiguous valleys could be most 
readily made. 

Reconnaissance . 

r 

With the aid of an ordinary map of the country, if 
reasonably correct, it is entirely practicable to trace upon it 
with a sufficient degree of accuracy for the immediate object 
in view, not only the general directions of the ridges or 
highest ground, but also to locate approximately those 
routes most suitable for the purposes of a road across the 
hills, from one valley to another. 

Being provided with the information usually supplied by 
maps or, in the absence of trustworthy maps, having secured 
that information by an instrumental examination, the topo- 
graphical and other characteristic features of the ground 
should be carefully studied by travelling in both directions 
over the several routes, upon any one of which the line may 
be located, carefully noting down for future comparison, the 
distinctive features of each. 

Aneroid Barometer. 

If the line passes over such hilly or undulating ground, 
that considerable differences of level aj*e necessarily encoun- 
tered in its location, valuable aid may be derived from a 
pocket Aneroid barometer. This instrument shown in sec- 
tion through the axis in Fig. 1, consists of a flat cylindrical 
box A, exhausted of air, the top of which is thin metal cor- 
rugated in concentric circles so as to render it quite elastic. 
As the atmospheric pressure increases, the elastic top of the 
box is forced in or down, and as it decreases it is forced out 
or up. This movement of the top of the box due to changes 
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in tlie atmospheric pressure, ie conveyed by maltiplyiDg leven 
DE, £Q, GH, and a small cbaiD II to an index needle NK, 
moving over a circular scale SIM, graduated .to correspond 
with the standard mercurial barometer. The spiral spring 
S, by its tension raises the long arm of the lover DE, when 
the pressure on the top of the box is lessened, thus keeping the 
short arm of the lever constantly in contact with the fulcrum 
C. The Aneroid is used by tlie following rule : The sum 
of the readings at two stations, is to their difference, as 55,000 
(or twice the height of the atmosphere in feet), is to the el&- 




ration icquired. Thus, if tlie leading at the foot of a bill 
is 30.05, and at the top 29.44, we have the following 59.49 : 
0.61 :: 55,000ft. : 564ft. 

By the intelligent use of this barometer, the scope of 
iuquiry may frequently be much narrowed at the outset, and 
the labor and expense of the subsequent survey greatly 
abridged. For instance, if the line of communication is to 
connect two valleys by crossing the high ground between 
them, it should be located, other things being equiil, in the 
lowest depression of the summit. A reconnaissance with a 
barometer should indicate with an error not exceeding 10 t« 
I5ft, the relative altitude of the several summit de'^vft'«sv>OTi!fc> 
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and therefore the best location of tlie route, so far as the 
question of grade fixes tlie location. The average of sev- 
eral observations with tlie barometer, is desirable. 

Surveys, Map and Descriptive Memoir. 

The reconnaissance having been completed, .and the 
inquiry narrowed down by the exclusion of the least prac- 
ticable routes, preliminary surveys should then be made of 
the several trial-UneSy with a view to determine their length, 
direction, and position, together with a longitudinal section 
and numerous cross-sections of each line. All this should 
be done with sufficient accuracy and minuteness of detail to 
form the basis of comparative estimates of their practicabil- 
ity and cost. Money liberally spent in surveys entrusted to 
skillful persons, is wisely spent, and offers the surest guar- 
antee against subsequent mistakes and errors of judgment 
Its amount, at the outside, cannot exceed a very small per 
centage of the cost of constructing the road, while tht 
results, judiciously employed, are sure to furnish innumer- 
able suggestions for lessening the cost without impairing the 
excellence of the communication. 

Map. 

The data obtained from the surveys should be carefully 
embodied in a map, showing with considerable detail, the 
topography of the country embraced by the several trial- 
lines, the exact j)osition of tliesc lines, and all the longitudi- 
nal and cross-sections. The horizontal scale of the sections 
should be the same as that of the map, while the vertical 
scale should be considerably larger, in order to show clearly 
^ the inecjualities of the ground. With a horizontal scale 
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of 500ft. to the inch, the vertical scale may be only 20ft. tc 

the inch. 

Descriptive Memoir. 

The descrij)tive memoir should give with minuteness all 
information, siicli as the nature of the soil, the character of 
the several cuttings, whether earth or rock, the kind of rock, 
etc., etc., that cannot be set forth on the map. The import- 
ance of carefully noting in tlie memoir, and as far as practi- 
cable upon the map also, all variations of the character of the 
cuttings through rock, and especially of maintaining a strict 
distinction between cuttings in rock and cuttings in earth, will 
be admitted, when it is remembered that excavations in earth 
can be made at less than one-fourth the cost of excavations 
in rock. 

Ix>cation of the Line. 

" In selecting among the different lines of the survey the 
one most suitable for a common road, the engineer is less 
restricted, from the nature of the conveyance used, than in 
any other kind of communication. The main points to which 
he should confine his attention are, (1) to connect the points 
of arrival and departure by the shortest or most direct line ; 
(2) to avoid all unnecessary ascents and descents, or in other 
words to keep the ascents and descents within the smallest 
practicable limits ; (3) to adopt such slopes or gradients for 
the centre line of the road as the kind of conveyance used 
may require ; (4) to give the centre line such a position with 
reference to tlie natural surface of the ground, and the 
various obstacles to be overcome, that the cost of labor for 
excavations and embankments required by the gradients 
adopted, and also the cost of bridges and other accessories, 
Bjit^U be reduce^ to the smallest amount," (Pcot, ^^\i>^\ 
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Except in a flat and level country, it will seldom be prac- 
ticable to adopt, for the axis of the road, the shortest line 
between the points of arrival and departure. Departures 
from a straight line are determined by a variety of consider- 
ations. In crossing a dividing ridge between two valleys, 
we seek a depression in the summit, in order to avoid expen- 
sive cutting, or the alternative of steep or impracticable 
gradients ; in descending a valley longitudinally, we keep 
well up on the side of the hill, if necessary, to avoid bridg- 
ing the ravines and secondary water-courses ; if we encoun- 
ter a swamp or shallow pond, we can frequently, by turning 
to the right or left, entirely omit the construction of an 
expensive causeway or other road bed, or substitute for it a 
short bridge over a narrow water-course, with easy approaches 
on either side ; a stream may cross and then re-cross the 
direct line, forming an elbow whioh may sometimes be turned 
without greatly augmenting the length of the road, thus 
avoiding the construction and maintenance of two bridges ; 
we may turn aside and even bridge a stream in order to gel 
upon that slope of a valley which will give the best expos- 
ure of the road surface to sun and wind ; or we may lengthen 
the road for the purpose of procuring better material for its 
construction. 

Questions of Expediency to be Considered. 

Not infrequently other questions not strictly within the 
province of the engineer claim attention to such degi^ee that 
although a straight line between the two termini of the road 
may be the best, considerations of expediency will very prop- 
erly prevent its adoption. Intermediate communities and 
tow^s contiguous to the line may require accommodation, 
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and whether such accommodation shall be afforded by lateral 
branch roads, leaving the main line essentially straight, or 
by running the latter through the several centres of busi- 
ness, will have to be determined upon principles more or less 
independent of the bare problem of construction and main- 
tenance. For example take the simplest case of three towns 
A, B, C, Fig. 2, situated upon a uniformly level plain, 
where the cost of construct- ^^^?^->^ 

ing and maintaining a line of ^^...^-^"^^^ j ^^''''^"•'^>,.,^ 
communication will be di- yiq. 2. 

rectly proportional to its length. Suppose the points 
of arrival and departure, A and 0, to be 120 miles apart, 
and that B is equi-distant from A and C, but located 
20 miles off the direct line AC. If each town sends out 
20 tons of freight per day to be distributed equally (10 
tons to each) between the other two towns, a simple cal- 
culation will show that with a straight road AC, between the 
extreme points and a perpendicular branch road B'B to the 
intermediate town, the daily transportation of this 30 tons 
of freight, will be equivalent to transporting 1 ton 5600 miles, 
while if one straight road be built from A to B, and another 
from B to C, the total carriage will be equivalent to convey- 
ing 1 ton only 5060 miles. The difference, (equal to 540 
tons carried 1 mile) in favor of the lines AB, BO, over the 
lines AC and B'B is borne unequally by the three towns in 
proportion of 335 tons to B, and 102^ each to A and C. In 
the case stated, it is for the mutual advantage of all the 
three communities to locate the line from A to B and from 
B to C. But the conditions would be different if the great 
bulk ol the traffic is between the towns of A and C. For 
example, if those towns exchange 20 tons per day wii 
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other, and only 2 to 3 tons per day with the town B, then 
the total mileage of transportation necessary in making 
the interchange, setting other considerations aside, would 
favor the construction of a straight line AC, between the 
terminal towns, and a perpendicular branch line B'B to the 
intermediate town. But as this would require a greatei 
length of road by 13^^ miles (140 — 126^) than a continuous 
line ABC passing through the intermediate town, the ex- 
pediency of building and maintaining upwards of 10 percent 
more road than is absolutely necessary to connect the three 
towns, presents itself as a question of some commercial im- 
portance, and before adopting the longer system, it should 
be made quite clear that the yearly saving in cost of trans- 
portation will be more than sufficient to pay the interest ou 
the first cost of constructing 13^ miles of road, as well as the 
annual expense of its maintenance. Except in extreme cases 
where the two towns at the ends of the line are large in com- 
parison with the intermediate towns, it will usually be found 
to be most conducive to the convenience of the general pub- 
lic to run the line through all the principal communities, in 
preference to the plan of communicating with the intermedin 
ate places by branch roads, which might necessitate branch 
lines of wagons and coaches, connecting with those of the 
main line, attended by all the usual inconvenience and 
expense of transferring passengers and goods at the points 
of junction. 

In the general case, however, the road will not traverse 
a level plain but will cross hills, ravines, rivers, and other 
accidents of the ground, so that the proper solution of the 
problem will involve a variety of considerations, among 
which the engineer's ideal of a straight and level line, th3 






^ants of the communities tx) be accommodated^ ajid econ- 
omy in cost of construction will generally be more or less at 
variance. 

As it should be the first business of the engineer to make 
himself thoroughly familiar with the character of the coun- 
try adjacert to the line, for some distance on either side, all 
the preliminary field work should be directed to that end. 

Contour Idnes. 

In laying out important roads, and especially in locating 
streets in towns or thickly settled districts, where the ques- 
tions* of gradient, drainage, sewerage, and water supply 
assume special importance, it would be well to place the 
contour lines, or curves of uniform level, upon the map. 
These curves represent the intersections of the surface of the 
ground with a series of horizontal planes at equal distances 
apart, of say 3ft. 5ft. 10ft. or more — and indicate at once 
to the practiced eye the topography of the country which 
they embrace. We give, Fig. 3, the contour lines of a small 
tract of country, showing a variety of natural features, such 
as undulating slopes, steep hill sides, ravines, water, and 
marsh. Every curve represents a level line traced upon the 
ground, the vertical distance, or difference of level, between 
the curves being 3 feet. 

Parallel Cross Sections. 

A survey so complete as would be required for mapping 
the contour lines in the manner shown in Fig. 3, is seldom, 
if ever, resorted to, and is indeed unnecessary for the proper 
location of a country road. It will suffice to take a series of 
cross sections parallel to each other, and extending a suffi- 
cient distance laterally to embrace the width of the country 



PARALLEL CKOSS SECTIOKS. 



19 



under examination. By plotting these sections to a scale, 
in their true relative positions, all referred to the same level 
or datum line, it will be easy to locate the axis of the road 
properly thereon, and to estimate the quantities of excava- 
tion and embankment, provided the sections are taken suffi- 
ciently near together. Their distances apart should of course 
be less in proportion to the ruggedness and unevenness of 
the country. Suppose, for example, that 0, D, M, N, Fig. 4, 
represents a portion of the strip of country under examina 
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tion and A, B, the general direction of the road, which must 
be located somewhere between the lines C, M, and D, N". 
Having run the several lines of levels 0, D, E, F, etc., 
transversely, and at least one line A, B, longitudinally so 
fis to establish a common datum line for all, the sections are 
drawn as shown in the figure. As a part of the map or plan 
the right lines 0, D, E, F, etc., show the positions of the 
cross sections, while they are also the datum lines, all on the 
same level, of their respective sections. Those portions of 
each section to the left of the datum line represent ground 
Above that line and those portions to tli'axv^pA»^\i'^^^'^^^vss^ 



Fig. 3. 
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u line like 0, P, drawn ilirougli points in tlie several sections 
that are at the same distance from and on the same side of 
the datum lines, will show the exact location of a level line 
traced on the surface of the ground. Hence the axis of the 
road if located on the line 0, P, will be level, while upon 
the line Q, S, it would have an ascending grade of -^ from 
Q, to E, and a descending grade of -^ from R to S. 

Having completed the surveys, and prepared the map 
and memoir with as much detail as possible, the engineer 
will then be able to study with intelligence the relative ad- 
vantages of the trial lines, and to establish definitely their 
location, direction and gradients, in order that the volumes 
of excavations and embankments shall balance each other as 
nearly as possible, except wlien other methods, hereafter 
referred to would lessen the expense, while the cost of con- 
structing the necessary bridges, culverts, etc., shall be care 
fully kept at the minimum. 

Grades. 

Upon common roads the grades, or the angles which the 
axis of the road should make with a horizontal line, depend 
so much npon the kind of vehicle employed for traffic, the 
character of road-covering adopted for the surface, and the 
condition in which that surface is maintained, that no 
empyrical rule can be laid down. The grade should not 
be so great as to require the application of brakes to the 
wheels in descending, or to prevent ordinary vehicles carry- 
ing passengers ascending at a trot. In general the gradient 
should be somewhat less than the angle of repose, or that 
angle upon which the vehicle in a state of rest would not be 
set in motion by its own weight, but would descend with 
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Blow uniform velocity if very slight motion be imparted to 
it. The grades therefore, suitable for any road, will depend 
upon the condition, with respect to smoothness and hard- 
ness, in which the surface is to be maintained, and hence 
upon the kind of road-covering used ; and as the force of 
gravity is the same whether the road be rough and soft, or 
smooth and hard, steep grades are more objectionable upon 
good roads than upon bad. 

Tractive Force. 

Many ingenious experiments have been made at various 
times to ascertain, in functions of the quality and condition 
of the road surfaces, the measure of the tractive force, or the 
force required to overcome the resistances which oppose 
themselves to the movement of a vehicle along horizontal 
roads of different degi^ees of smoothness and hardness, and 
covered with different materials. From some of the experi- 
ments of M. Morin, conducted for the French government, 
the following general results were deduced : 

1. The force of traction varies directly with the load and 
inversely with the diameter of the wheels. 

2. The resistance is practically independent of the width 
of tire on paved or hard Macadamized roads, where that 
width exceeds 3 or 4 inches. 

3. At ordinary walking speed the traction is the same 
for carriages with springs, as for those without them, the 
other conditions being the same. 

4. The force of traction increases with the speed upon 
paved, or hard Macadamized roads. When the speed ex- 
ceeds 2i miles per hour the increase in the resistance varies 
directly with the increase in velocity. 
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Some of ^[. ]\rorin's results are tabulated below. 



1 



Kind of Road. 



New road, with gravel cov- 
ering, 5 inches thick. . . . 

Solid earth causeway, with 
gravel covering IJ^ inch 
thick 

Earth causeway in very 
good condition 



Relation op Force or Draught to 
Weiout op Vkhiclb and Load. 



Carts. 



^s 



i\ 



h 



Broken stone road, very 

dry and smooth. . 

Do. moist and dusty. . . 

Do. with ruts and mud, 

Do. with deep ruts and 
thick mud 



f Dry 

Pavement. •< 



Muddy. 






Trucks 

of two 

tons. 



tV 



A 



Diligences 
of live tonn. 



i 






T^ 



liV 



Carriagee 

with beats 

bung un 

springe. 



* 



tV 



^ 



Walk. 



it 



Trot. 






Walk. 






Trot. 









The smoother the road and the less rigid the vehicle, the 
less will be each equal increase of resistance due to each 
equal increase of speed. 

5. The traction is practically independent of the Telocity 
upon soft dirt and sand roads, or roads freshly and thickly 
covered with gravel. 
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6. Upon a smooth-cut, evenly-laid stone pavement, the 
resistance at a walking speed does not exceed three-fourths 
that upon the best Macadamized road at the same speed, but 
at trotting speed it is equal to it. 

7. The wear and tear of the road is greater as the diam- 
eters of the wheels are less, and is less from vehicles with 
springs than from those without them. 

The following table, resulting from trials made with a 
dynamometer attached to a wagon moving at a slow pace 
upon a level, gives the force of traction in pounds upou 
several kinds of road-surfaces, in a fair condition ; the 
weight of wagon and load being one ton of 2,240 pounds. 

1. On best stone trackways .... 12J^ pounds. 

2. A good plank road '. 82 to 50 pounds. 

3. A cubical block pavement 82 to 83 ** 

4. A Macadamized road of small broken stones. ... 65 pounds. 

5. A Telford road, made with six inches of broken 

stone of great hardness, laid on a foundation 

of large stones set as a pavement 46 pounds. 

6. A road covered with six inches of broken stone 

laid on concrete foundation 46 " 

7. A road made with a thick coating of gravel laid 

on earth 140 to 147 pounds 

8. A common earth road 200 pounds. 

In order to apply these results in establishing suitable 
grades, take the case of the Macadamized road No. 4, in 
which the tractive force to the gross ton is 65 pounds upon 
a level road. Let W= the weight of the vehicle and load 
In pounds ; p= pressure normal to the road-surface in 
pounds ; t=force of traction in pounds on a level road. At 
the angle of repose of an inclined road, the force, acting 
parallel to the line of grade, necessary to ^w^^alvcL ^ ^^x^csssa^ 
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and its load in its position on the incline, or to prevent il 
from moving back by its own weight, is equal to the traction 
force t, which would just move the carriage and load on 
a level road. Let h be the perpendicular and b the base of 
a riglit angle triangle, of which the hypothenuse B (Fig. 5) 

represents the slope of the 
angle of repose, which some- 
what exceeds the gi^eatest 
admissible gradient. For 
simplicity, the load may be 
supposed to rest on a single 
wheel, shown in the figure. 
In the smaller similar trian- 
FiG. 5. gle t is the perpendicular, 
p the base, and W the hypothenuse, in which p=^^« .^«^ 

From the two similar triangles t : p : : h : b, or - = v-, and 

t ^ j^ 

by substitution y==^ — — = - . But ^, being the perpen- 
dicular divided by the base, represents the angle at the base, 
or the angle of repose, and this is tlie maximum admissible 
gradient. Hence the gradient should not exceed the quo- 
tient obtained by dividing the force of traction by the square 
root of the difference between the square of the load and the 
square of the traction. Upon good roads t is so very small 
in proportion to W that it may be omitted in the denomi- 
nator, and we have practically for the angle of repose ^, or 

the force of traction divided by the weight of vehicle and load. 

G5 
For road No. 4 the formula becomes / ^q . ^, ^^a > = A 
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nearly, indicating that for roads upon which the force 
of traction per ton is G5 pounds, the grade should be not 
greater than 1 perpendicular to 34 base ; and generally the 
proper grade for any kind of road, or the ratio of the verti- 
cal to the horizontal line, will be equal to the ratio between 
the force necessary to draw the load and the load itself, 
upon the same road when level. The grade is usually ex- 
pressed in the form of a vulgar fraction, having 1 for the 
numerator, and the horizontal distance corresponding to a 
rise of one foot for the denominator. 

In practice the steepest grades that can be allowed upon 
Macadamized or Telford roads, in the condition in which 
their road surface is usually maintained, is about ^, it hav- 
ing been determined by experience that a horse can draw 
up this slope, unless it be a very long one, his ordinary load 
for a level road, without the help of a second animal ; also 
that he can attain at a walk, a given height, upon a gradient 
of -^ without more apparent fatigue, and in nearly the 
same time that he would require to reach the same height 
over a proportionately longer road with a slope so gentle— 
Bay -^i — that he could ascend it at a trot. 

It is however more desirable, especially for passenger 
traffic, to keep the gradients as low as -^y or at the greatest 
^, as the maximum slope, whether considered as an ascent 
or a descent, so that in the former case the speed need not 
be slower than a trot, while in the latter it will not be neces- 
sary to apply a brake to prevent the load pressing forward 
upon the horses. 

Undulating Grades. 

It is claimed, as having been demonstrated by ex^i:v 
ence, that a road constructed on. a 3ieaA.\e^^, c>t ^\^^^^ 
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form slope between points ni)on different levels — especially 
if the slope be a lung one — is somewhat more fatiguing upon 
th(5 dnift of the horse or mule, tluin one with an alterna- 
tion of gentle ascents and descents, of say y J^^ to yj-^^, and 
that a horse can draw as heavy a load at as great a speed up 
these gradients, if they arc of moderate length, as he can 
upon a perfect level, while in going down he would experi- 
ence a measure of relief, hardly perceptible perhaps at the 
time, but which during several days of continual labor 
would amount to a positive benefit. This idea, although it 
has the appearance of great plausibility, is probably a mere 
popular error, unable to withstand the test of intelligent 
investigation. Upon a very long and steep gradient — one 
tor instance greatly exceeding the angle of repose, and 
therefore inadmissible upon good roads — it would doubtless 
be an advantage to have short sections upon which the slope 
would be less than that angle, where halts could be made 
for rest, and the animals be entirely relieved of pressure in 
either direction ; but, upon a well devised road, no engineer 
would be justified in making special provisions for securing 
a succession of gentle ascents and descents, upon any consid- 
erations connected solely with the question of traction. 

The proper drainage of a road requires that its side 
ditches should have a gentle inclination longitudinally, 
and, in order that the road surface may be kept free from 
standing water without giving it too great a rise in the mid- 
dle, suitable longitudinal slopes should be given to it. For 
this slope English engineers generally adopt ■^, or 06 feet to 
the mile, and the French Corps of Fonts et Ohaussees 
recommend yj-y, or about 42 feet to the mile. 
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Maximum and Minimum Grades. 

As a rule therefore the gradients or longitudinal slopes 
of a road should be established between 1 in 30 and 1 in 125. 
It is generally practicable to keep within the maximum of 
^, even in locating a line upon a steep hill-side, by giving 
it a zigzag direction, connecting the straight portions by 

easy curves. 

At the curves the gradients should be somewhat reduced, 
and the roadway made wider. The increase in width should 
be about one-fourth, when the angle between the straight 
portions is from 120° to 90^, and between one- third and one- 
half where the angle is from 90® to G0°. In descending a 
hill there is a tendency to overturn tlie vehicle at the curved 
portions, from the effects of the centrifugal force, and this 
danger is in proportion to the speed of the descent, and the 
shai7)ness of the turn. The radius of the curve should 
therefore be great, never, if practicable less than 100 feet. 
For the same reason, upon all sliarp curves, the road sur- 
face should not be the highest in the centre, and falling in 
both directions so as to drain off the water, but should bo 
the highest on the outer or convex side. 

In long ascents, it is deemed advantageous to make the 
lowest portion comparatively steep, with a corresponding 
reduction in the gradient near the summit, in order that 
the animals may achieve, while fresh, as much of the rise as 
possible, while the more gentle slopes are left for the last. 

Statical Resistance on Grades. 
Returning to Fig. 5i||ua|^M|riflH||||^lj|| us sup 
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pose that the horizontal A is of such length that the ?cr 
tieal rise h=l foot. Wc then have 

W:BC::t:l, 
andW:BC::p:AO, 

W 

from which we get t= "Wo' 

Hence, the force acting parallel to an inclined road neces- 
sary to sustain a carriage 
and load in a state of rest, is 
equal to the weight of car- 
riage and load divided by 
the inclined length corre- 
sponding to a rise of one 
foot. And, the normal 
pressure of carriage and load 
upon an inclined road is 

equal to the weight of carriage and load multiplied by the 

quotient of the horizontal length divided by the inclined 

length. 

For example, the force necessary to sustain a carriage 

and load weighing 2500 pounds upon a road with a gradient 

2500 
of 1 in 20 is /^ — - = 125 pounds nearly, and the normal 

20 
pressure upon the road-surface is 2500 X /^aTT^ = 24 96. 

These results are theoretical. They approximate to prac- 
tical correctness, as the friction on the axles is diminishedj 
and the smoothness and hardness of the road is increased. 
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Dynamical Resistances. Sir John Macniell's 

Formulae. 

The following arbitrary formulae have been deduced by 
Sir John Maoniell from a number of experiments upon the 
several descriptions of road named below, with stage-coaches 
and wagons moving at various velocities, and carrying vari- 
ous loads. K=force required to move the vehicle ; W= 
weight of vehicle ; w=weiglit of load, all expressed in 
pounds. v= velocity in feet per second, c i^ a constant, 
depending for its magnitude upon the character of the road- 
surface, which, for the several roads tried, is as follows : 

On a timber surface, or on a paved road c=»3 

On a well made broken stone road in a dry, clean state c =- 5 

" ** covered with dast c = 8 

wet and muddy c »» 10 

On a gravel or flint road, in a dry, clean state . . , c =• 13 

" ** wet and muddy c — 82 

For a common stage- wagon the formula is, 

-D W + w , w , 

and for a stage-coach, 

-p W+w , w , 

For example, the force necessary to move a stage-coach 

weighing 2400 pounds, loaded with 2000 pounds, at a speed 

of six feet per second, upon a level, dry, and clean gravel 

, . 2400 + 2000^2000^^^^^ _._ . 

road, IS -rrr + -j^ +6x13=172 pounds. 

Mr. Law's Table of Dynamical Resistances. 

The following table, prepared by G\3L^V.^^\AXi^\»<^ ^oorcsiSk ^ 
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tent a table givea by Mr. Hcmy Law, C. E., shows wttli an 
approximation to exiictuoss, qiitto sufficient to make it very 
valuable, tlio force required to di'uw two kinds of loaded 
vehicles, one weighing with its load G tons at a speed of 3 
miles, and the other weighing with its load 3 tons at a speed 
of 6 miles per lionr, along a Macadamized road in its usna 
state, with gradients vai-ying from 1 in 7 to 1 in 600. The 
table also gives the length of level road equivalent to 1 mile 
of the inclined road, of each gradient, "that is the length 
which would require the same uicclianical force to be ex- 
pended in di-awing a wagon over it, as would be necessary to 
draw it over a mile of the inclined road." 
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1. Tliat the force necessary to move it vehicle at a certain 
velocity on a IctcI roud must be decreased o 
grade to precisely the same extoiit tliat it must bo i 
in ascGnding the same grade, in order to maintain the same 
velocity. 

2, It must not, howeTer, be inferred from this that tho 
animal force expended in passing and repassing on the same 
road, will gain as niucli in descending the several grades as 
it will lose in ascending them. TUe ooiav^l'a^'aa "Be^^^ 
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adequate, either in number or in power, for achieving tue 
steepest ascending grades on any route, and no reduction in 
the number of animals will be practicable in the general case, 
in descending that or the lower grades, or upon the level 
portions of the line. 



CHAPTER II. 

EARTHWORK, DRAINAGE AND TRANSVERSE FORM OF 

COUNTRY ROADS. 

Excavations and Embankments. 

Due regard to economy in the cost of constructing a road 
generally requires that its location shall be such that the 
cuttings shall balance the fillings, or in otlier words that the 
excavations, at points where the ground is higher than the 
road, shall furnish the contiguous embankments at points 
where the road is higher than the natural surface. Such, 
however, is not always the case, it being cheaper, under some 
circumstances, to deposit the excavations in spoilbanhs, and 
procure the earth for embankment from side-cuttings near by. 

The first location of the road upon the map will seldom 
be more than an approximation to the best line, which must 
finally be ascertained after successive approximations, for 
each of which a series of new sections must be drawn, and 
new calculations made. The contour lines referred to, of 
which an example is given in Fig. 3, or the parallel cross- 
sections as shown in Fig. 4, will be of great assistance in 
making these computations, and will materially abridge the 
labor of locating the line. 

The "Lead." 

Prof. Mahan says, "In the calculations of the solid 
contents required in balancing t\\e oxo.^x^Wcvcv's* ^xA 's^^'K'^^-- 
mmts the most accurate mettxod co\\^\^^^ m ^5>N>N^^vvv<icr - 
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different solids into others of the most simple geometrical 
forms as pi-isms, prismoids, wedges and pyramids, whose 
solidities are readily determined by the ordinary rules for 
the mensuration of solids." Other methods "consist in 
taking a number of equidistant profiles, and calculating the 
solid contents between each pair, either by multiplying the 
half sum of their areas by the distance between them, or by 
taking the profile at the middle point between each pair, and 
multiplying its area by tlie same length as before." In order 
to save labor and insure accuracy, tables for these calcula- 
tions have been prepared and published. 

Care must be taken in determining the leady or the aver- 
age distance to which the cuttings must be transported in 
making the fillings, a distance usually assumed, in each case, 
to be the length of the right line joining the centre of grav- 
ity of the solid of excavation and that of embankment. The 
least possible lead is essential from considerations of econ- 
omy, and this is usually secured when such conditions are 
interposed that the paths over which the different portions 
of the solid of excavation are conveyed away to the solid of 
embankment, shall not cross each other either horizontally or 
vertically. 

These conditions require that the sum of the products, 
obtained by multiplying all the elementary volumes by the 
distances over which they are respectively transported, shall 
be a minimum. As the computations involve the employ- 
ment of the higher mathematics, they are not inserted 
here. 

Growth of Excavated Earth. 

It must be remembered that the different kinds of earth 
'io uot fill the same volume in artificial embankments that 
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they previously occupied in their natural bed. The growth, 
or augmentation in volume, of freshly-dug earth, varies from 
15 to 25 per cent among the various kinds, but where formed 
and compacted into embankments, it settles or shrinks to 
lejs than its bulk in the natural bed. This shrinking for 
different earths, is approximately as follows : gravel or sand 
about 8 per cent ; clay about 10 per cent ; loam about 12 
per cent ; loose vegetable surface soil about 15 per cent ; 
puddled clay about 25 per cent. Mr. John C. Trautwine, 
C. E., found that 1 cubic yard of hard rock broken into frag- 
ments made 1^-^ cubic yards of loose heap ; If cubic yards 
carelessly piled ; 1^ cubic yards carefully piled ; li cubic 
yards of very carelessly scabbled rubble, or 1 J cubic yards of 
somewhat carefully scabbled rubble. 

Moving Earth. 

In excavating and removing earth, it is first loosened 
with picks, spades or plows, and then shoveled into the 
barrows or carts which convey it away. For short haulages, 
say of 90 to 100 feet, the ordinary road-scraper holding about 
^ of a cubic yard may be advantageously used, when the 
height to which the earth has to be raised docs not necessi- 
tate ascents steeper than 1 in 5. For distances exceeding 
the sphere of scrapers, or where these cannot be advantage- 
ously employed, earth is generally conveyed in wheel-bar- 
rows. The limiting distance, when one-horse carts should 
replace barrows, will seldom exceed 250 feet for all the various 
kinds of earth. This includes loosening, loading, moving, 
spreading, and the wear and tear of vehicles and tools. It is 
stated that, upon English works, with barrows holding-^ of 
1 cubic yard, the limit is 300 feet. 
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Beyond a certain distance two-horse wagons should take 
the place of carts ; and where the lead is IJ to 1^ miles a tern* 
porary railway and a locomotive engine and dirt-cars become 
desirable. Within the last few years steam excavators, capa- 
ble of digging and loading 100 cubic yards per hour, at a 
cost of 2| to 3 cents per yard, have been used upon some 
extensive works. 

The cost per cubic yard of loosening, loading, trans- 
porting to different distances, and spreading soils, includ- 
ing repairs to vehicles and tools, is given in the foregoing 
table (condensed from Trautwine), based on man's labor at 
$1.00, horse at 75 cents, and cart at 25 cents per day; one 
driver to 4 carts. 

Completed Map, and Specifications. 

Having finally adjusted all questions of gradients, exca- 
vations and embankments, and re-examined the ground, the 
line adopted should be carefully plotted upon the map, 
together with longitudinal and numerous cross-sections, to 
show the cuttings and fillings, as well as the natural surface 
of the ground. 

Specifications of the several kinds of work, and working 
drawings of bridges, culverts, etc., should also be prepared. 

Upon the longitudinal section of the road, at points 
taken at equal intervals apart (say 50, 75 or 100 feet) the 
vertical distance of the natural surface above or below the 
road surface should be marked in feet and inches. 

In order to indicate the grades, the heights of the same 
points above an assumed horizontal line called the datum 
line, should also be marked. These points should be num- 
bered on the drawing. 
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Fudng the Iiine on the Ground. 

The axis of the road is located on the ground by diiving 
stakes to correspond with the several points on the map. 
These stakes are lettered cut, or fill, with the number of feet 
added, to indicate that the natural surface at these points 
must be cut down or filled up the specified distance, in order 
to attain the position of the road surface. Stakes showing 
the width of the roadway, and the lateral limits of the cut- 
tings and fillings should also be established. 

Earthwork is a term applied to the movement and dis- 
posal of earth, whether the material handled be common 
earth or rock. 

Side Slopes in Cuttings. 

In excavations, the inclination which should be given to 
the side slopes, and the measures, if any, which should be 
adopted for giving stability to their surfaces, will be gov- 
erned in a great measure by the inclination and direction of 
the strata, the kind of soil, the degree of exposure to tho 
action of springs, and the severity of the seasons. 

On most soils, such as garden loam, and other mixtures 
of clay and sand, compact clay, and compact stony or grav- 
elly soils, the slopes should be about two base to one (or at 
most one and a half,) perjoendicular. In some cases an 
angle of 45°, or 1 on 1, will answer. 

It is always desirable that the roadway should be exposed 
as fully as possible to the action of the wind and sun, in 
order to facilitate the evaporation of moisture from its sur- 
face. Hence, tho deeper the excavation, the more gentle 
should be the side slopes, particularly those on the south 
d/ic/e in high northern latitudes. "WYieiv t\v^ %\o^^% ^t^ 
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exposed to no other causes ol destructioTi than the action ol 
the elements — to wind rain ■ind frost — it ie not essentia] 
that any special precautions should be adopted for their 
protection although the expense of mamtecance will be 
eonbiderably lebsened by sodding them or by first covering 
them with three or four inches of nch soil and then seeding 
them down or setting them with plants of some suitable 
variety of grass 

If the soil be infested with spnugs that might destroy 
the stabibty of the slopes and wash them down into the 
roadway they shoald if practicable be tapped near their 
source by digging into the side of the slope and the 
wafer conveyed by blind diain'. or otherwise into the side 
drains After the dram is constructed the earth is filled 
in OTer it and the slope restored to the required shape 
Figs. 7 8 and 9 show ciois sections of three forms of drams 




either of which will answer for this purpose, in ordinary 
cases. Fig. 7 is constructed with three fascines, laid lon- 
gitudinally in the trench excavated to the source of the 
spring. A single fascine of equivalent area in cross- section, 
or loose brushwood placed compactly in the trench, may be 
substituted. Fig. 8 shows a blind drain of fragments of 
stone or loose rubble. In Fig, 9 a cleat: -wa-^-t -sw^ "-^.'NsSS. . 
J) the middle of the drain. In eitVeT cwft'Oaa sAfia'ssA-'w 



iZ 
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of the drain should be covered with straw, coarse grfu^. 
small brushwood, or sods with the grass side next the drain, 
to prevent the latter becoming choked with earth. 

In cases where the entire body of the slope is saturated 
with water, and the sources of the springs are unknown, or 
cannot be reached, good drainage may generally be secured 
by a series of blind drains extending a few feet into the 
slope at its base, or by a single drain constructed of loose 
stone in the form of an inclined retaining wall, parallel 
with the foot of the slope, as shown in Fig. 10. Similai 




Fig. 10. 



precautions to those already mentioned must be taken in 
this case to prevent the drain becoming choked. A series 
of parallel tile drains in the body of the slope, six to eight 
feet apart, and four to six feet below the surface, will some- 
times secure good drainage in springy soils. The round 
tiles are the best, and the diameter of the bore need not 
exceed one to two inches. They are laid end to end in a 
narrow trench, then covered with straw, hay, or turf to pre- 
vent their choking, and the trench filled up. These drains 
should have an inclination of one in eighty to one in one 
hundred, and may all empty into a masonry conduit or 
earthen pipe leading down the slope into the side drains ol 
^/ie roadway. Instapces may occur ^Yiexe a ^^«\v Ti^astor^ 
^wacA dn^jast beyond tlie crestXoi tVie a\do Aop^^ «iA^\^^ 
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ap with broken stone or pebbles, will cut off all tlic springs. 
As such an arrangement will also prevent the surface water 
from higher levels from running over the slope, it may be 
the least costly method of effecting good drainage. Deep 
shafts for collecting the water are sometimes sunk from the 
natural surface above the crest of the slope, and the water 
conveyed from them into the side drains of the roadway, 
through pipes or drains laid by tunneling. In deep cut- 
tings in clayey soils, of such character that water will 
render them sufficiently plastic to slide down the slope, or 
soils easily cut into gullies by running water, it is well to 
form the slope in benches or lerms, shaped into shallow 
drains called catch water drains, to receive the water and 
earth from the higlier levels. They should have a slight in- 
clination longitudinally, so as to discharge their water at 
the foot of the slope, or, at suitable intervals, into paved 
open drains running directly down the face of the slope. 

In soils formed in great part of unctuous clay, or alternate 
layers of clay and sand, there is always a tendency to slides 
during the wet season, or during the spring in high latitudes, 
when the frost is leaving the ground. Under these circum- 
stances special precautions should be taken for the protection 
of the side slopes, such as (1) cutting off all springs if any 
exist, (2) turning off the water from -the higher levels by a 
drain above the crest of the slope, and (3) arrangements 
for conveying off the water which falls npon the slopes, 
either by carefully constructed catchwater drains, by sod- 
ding the slope, or by a combination of the two. Before top- 
dressing the slope with rich soil, preparatory to sodding or 
seeding down, it should be cut into horiz.oi:Li*is»V\i'i\^^'^'^ ^"^ 
steps to guard against slides, as euo^xi oti^^'^^^^"^^^^'^' 
lO.^bia method may be ad.\aiitag<&o\x^^ ^V^^^^ "^^ "^ 
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kinds of slaty rocks which disintegrate rapidly by alternate 
freezing and thawing. (The benches are incorrectly repre- 
sented on the left hand slope in the figure.) 

Although the sides of a cutting through compact rock 
would stand firmly, if left in a vertical position, it is desira- 
ble that they should be sloped to some extent so as to expose 
the road-surface to the drying influences of the wind and sun. 
Unless prevented by considerations of economy, the slope 
on the side next the equator in high latitudes, should be as 
great as one base to one perpendicular, while one base to two 
perpendiculars will ordinarily answer on the opposite side. 

When the depth of the excavation exceeds a certain 
limit, generally assumed to be about 60 feet, it is in most 
cases cheaper to tunnel than to make a cut. It is however, 
seldom necessary to resort to this expedient, in constructing 
common roads, for which indeed it is peculiarly inappropri- 
ate, on account of excluding the wind and sun. 

Embankments . 

Embankments should be made sufficiently firm and com- 
pact to resist all tendency to unequal settlement and slides. 
They should therefore possess not only great but uniform 
solidity, especially if they are high, conditions which are 
best secured by forming them in successive horizontal layers 
well compacted by ramming. As this method is expensive, 
it is usual, from considerations of economy, to carry out an 
embankment to its full height from the beginning, at the 
same time making the cut, which supplies the earth, to its 
full depth. The earth, on being tipped at the end of the 
bank undergoing formation, slides down the slope and finally 
comes to temporary rest, approximately at the angle of 
/vpose. (See Fig. 11). 
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As the rapidity with which this kind of work can be 
executed depends upon the number of "tipping places" 




afforded by the width of the embankment, it is usual to form 
the latter at first broader at the top, and correspondingly 
narrower at the bottom than the required dimensions, main- 
taining of course the requisite area of cross-section. The 
excess at the top (the angles at A and 0, Fig. 12) is after- 




<^ 



Pig. 12. 



wards moved down to the bottom, thus securing the required 
width of base, and inclination of side slopes. 

The sides of the embankment should always be kept 
somewhat higher than the centre line, in order to retain the 
rain fall, and consequently hasten the consolidation of the 
mass. For the same reason when the case will warrant the 
expense of constructing in successive horizontal layers they 




*v^^SiJi^^' 



ffnou Id be made concave on the top, as sko\vv\ m"^\'^. "SS^ 
This will also lesson the danger oi sVidi^^. 



46 ROADS, STREETS, AND PAVEMEKT8. 



Embankment Slopes. 

The foot of the slope may be secured by resting it in a 
shallow trench, or by abutting it against a low dry wall of 
stone (Fig. 13), and, in localities where there is an abun- 
dance of stone to be obtained in the proper shape at moder- 
ate cost, the entire slope may sometimes be advantageously 
replaced by a sustaining wall laid up Avithout mortar. In 
cases where the embankments require more earth than the 
necessary excavations afford, a sustaining wall may be cheaper 
even in its first cost, tlum a slope of earth, while the current 
cost of its maintenance will be small in comparison with 
that of earthwork. 

The inclination of the slopes should be less than the earth 
will naturally assume, in order to give them greater stabil- 
ity, and they should be protected by sodding or seeding down. 

The surface water of the top may be collected by side- 
drains and carried down the slopes at intervals either in 
paved gutters or blind drains. If allowed to shed itself 
over the slope, gullies would be formed, and the embank- 
ment eventually destroyed. 

When extensive excavations have to be made through 
rock, and stone for embankment purposes is therefore plenty 
and cheap, the entire face of the slope may be roughly paved 
or covered with stone, at moderate cost, rendering all other 
precautions for its preservation unnecessary. Fragments of 
various sizes and shapes, from one to two feet in length, may 
be used for this purpose. They should be placed generally 
with the longest edges down, their faces at right angles to 
the slope and parallel with the axis of the road. It is not 
asaal to protect the slopes of embankmeii\a m t\A& e^x^&xl 
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manner, but they should never be required to carry oil the 
surface water of the roadway. 

Hill-Side Roads. 

A roadway located upon a hill-side is usually formed half 
in excavation, and half in embankment, allowance being 
made for the shrinkage of the latter. To guard against 
slides, the natural surface should be prepared to receive the 
embankment, by cutting it into benches as in Fig. 14. The 
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Pig. 14. 

foot of the slope should abut against a low dry stone wall 
below the reach of frost. At the crest of the slope in exca- 
vation, an open trench should be formed to intercept and 
convey away the surface water from the higher ground. 

Upon steep hill-sides, the side slopes of excavation and 
of embankment must both be replaced by sustaining walls. 
Dry walls will usually answer for these purposes, if the stone 
can be procured of suitable sizes. (Fig. 15.) 

If the hill-side upon which the road is located be a rocky 
ledge of less inclination than one perpendicular to one base, 
the same method of construction by \v\v\k\w^ \\\v.^ ^^^^\n.^^x'?n>x^ 
mpply the embankments ma^ \)e lo\\vi\NVi^, '^V^ vi\>.xQSi>«v^sNss^ 
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jfilling in this case will occupy a greater volume than the cut- 
ting from Avhich it is taken. 




Fig. 15. 

When the natural slope of the ledge is very steep, as for 
example when it is steeper than one base to one and a half 
perpendicular, the whole roadway may be formed in excava- 
tion, or, as shown in Fig. 16, by cutting the face of the ledge 
into two or more horizontal steps with vertical faces, and 
building up the embankment in the form of a solid stone wall, 
in horizontal courses, either with or without mortar. In the 
figure the lower step, on which the wall rests, may sometimes 
be advantageously replaced by two smaller steps, a, c, and 
ly I. On account of the great comparative cost of excava- 
tions in rock, estimates for work of this character should 
always be based upon numerous and careful sections. All 
attempts to lessen the quantity of excavation by increasing 
the number and diminishing the width of the steps, require 
additional precautions against settlement in the built-up 
portlou of the roadway. 




Roads over Marshes and Swampe. 

If the road run^ ilirough a swamp or marsh rosting upon 
a firm sabstratuii. the soft material should bo romovod 
when its depth d )es not exceed two or throe foot, and th« 
road embankment formed directly upon tho hard noil. A 
wide and deep op.n ditch should bo out in tho mar«h on 
each side of the road, to rocoivo tho Hurfacn^ drahuiKO AUd nut 
off the water from tho adjacent nnu'Mh. 

Roads over deep marHhoH nniHt bn oonMl/runUid upon a 
different plan. A HyHtom of thorough i\m\i dmlnaj(M bMln^ 
essential, the method uKiially followed Im f/^MMit a dMMp and 
wide ditch on tauih mt\o., h;;ivinpr U^i^ytmu tuwU dM^fli and Mm^ 

Th^^ ':r/h»^ 'U ^yiU*. wm \tnwA \#1 'SyvC^U^ ^***^^'*^^^ "^iS^Nf^ 
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deeper than flic lowest water level in tlie side ditches, and 
filling them with fragments of stone. If water permanently 
stands in the main drains, the cross drains may be filled 
below the water level witli brushwood or fascines. On the 
foundation thus formed the roadway may be constructed. 

In deep marshy soils having a spongy subsoil, it is some- 
times necessary to form an artificial bed for the road cover- 
ing. In some cases of rather firm marsh, it is sufficient to 
remove the soft top-soil to a depth of three or four feet, and 
substitute for it sand, gravel, or other compact material that 
will not retain water. Upon this bed the road covering is 
placed. In others a bed formed of fascines has been used 
with success. Fascines are made by binding together, by 
wires or withes, in cylindrical bundles nine to ten inches in 
diameter and, ten to twenty feet long, slender branches of 
underwaod. A layer of fascines, placed across the road. 
Bide by side, is first laid down. A second layer at right 
angles to these follows, and if necessary a third transverse 
layer, and so on until the required height of road bed is 
attained. Stout stakes or pickets are driven through the 
entire thickness of fascines to keep them firmly in place, or, 
the withes may be cut after each layer is in position, so as 
to allow the brushwood to assume the form of a layer of 
uniform compactness; The top layer should be placed 
transversely to the line of the road. Having prepared the 
foundation in this manner the road covering is placed upon 
it in the usual way. If deemed necessary, cross blind-drains 
leading to the side ditches, may be introduced under the bed 
of fascines in order to secure deeper sub-drainage. 

RoRds over Tidal Marshes. 

J^ouds constructed ove^* marshes wlaicTfv axe «.\AVi\^.e\, \:si 
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rliuly OTerflow from the tides, muy t 
down to the level of ordinary low 
water, by a very simple system of 
8luice-gtvt«a. The ordiuury cusc IH 
where the road ei-oeses a tidal stream 
aud theu traverses the marsh border- 
ing thereon. Under such eireiim- 
BtaQces, the earth excavated in cut- 
ting the two parallel side ditchen, 
should be formed into a dike or levee 
on the outer side of each ditch anil 
high enough to exclude high waler. 
The ends of these dikes should bo 
connected, along the margin of the 
stream where the road joins the bridge, 
hy a dike of tlio same height, tliuH 
Bnrroui'.ding the roadway aud side 
ditches with a continuous impervious 
bank of earth, rising above high 
water level. 

Pipes of wood or iron, provided 
ivith valves on the outer end open- 
ing outward, ai'c then inserted, at tbo 
level of low tide, through the dike 
which separates the ends of the side 
ditches from the tidal stream. The 
water flows out through those pipes 
whenever the tide level outside is 
below the water level in the ditches. 
When the reverse ensues the gates 
are closed by the o\tei-nul preH.sure 
0/ t)w water, and all inwavi &.o^ 



clIeeLivc'ly t 
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prevented. Hence the water in the ditches remains nt 
the level of low tide, and the surface of the road should 
be established at such height above that level that it 
will always be firm and solid. Whatever level may he 
adopted for the roadway across the marsh, it must on 
approaching the stream rise to the top of the dike to pre\ont 
overflow from the stream at that point. This point is illus- 
trated in Fig. 17, which is a longitudinal section through 
the sluice-pipe. Tlie road is built a little higher than the 
natural surface, and ascends to the crest of the dike, near 
the stream. The bridge across the stream in continuation 
of the road is not shown. 

This method of drainage has been very successfully 
applied in reclaiming the ^* Jersey Flats" between the cities 
of Newark and Jersey City, New Jersey, a large tract of 
marsh land with its natural surface not higher than the 
level of ordinary high tide, and in large part some inches 
below that level. These Flats were formerly subject to 
twice daily overflow, from the Passaic and Hackensack 
rivers, in which the mean rise and fall of the tide is about 
4 feet. The tract was surrounded by a dike or levee formed 
along the margin of the stream, of the material excavated 
from a wide open ditch parallel to it on the inside. Numer- 
ous broad cross ditches, dividing the marsh into parallelo- 
grams, lead into this main ditch. The sluices are located 
at suitable intervals so as to drain from the main ditch into 
both the Hackensack and the Passaic rivers. The pipes 
are usually placed in pairs, and are of various sizes, in only 
a few instances exceeding two feet in interior diameter. It 
has been found that a difference of one inch in the inside 
^u/cf outside water level, will open or close tti^ 8\\x\ci^-^A.\.^^. 
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By this means a noxious swamp has been converted into 
antble and thrifty lund. It is suffioieiit- 
ly firm to support a roadway upon 
its surface, without any special pre- 
cautions in preparing the road bed. 

When the embankment requires 
more earth than the excavation can 
supply, the deficiency is made up from 
side-cuttings, made in some courenient 
locality near by. On the other hand 
when the embankments do not con- 
sume all the earth furnished by the 
excavations, the excess is deposited in 
spoil-banks, uaiially located on a some- 
what lower level than the road sur- 
face, care being taken to provide for f 
the drainage in such a manner as to ■ -- 
prevent the formation of pools of water 
that might affect the stability of the 
side slopes of tlie excavations. -~ 

Side Drains. 

It is essential to the proper condi- 
tion of a road, that the surface water 
of the soil adjacent thereto shall be 
cut of£ by suitable open side drains, so j 

tliat it can not filter under the road- ^^ 

way, and render the subsoil soft, '^P"^ 

spongy, and incapable of sustaining ^$!^ 

theivi:-iglitu]ionit. Otherwise the road '" 

covcnng would sink into ttleaolte^Iftl^^^fiaiOR,«!^ 
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be frequently renewed. In flat and level countries, the side 
drains (Fig. 18), shonld be at least two and a half to three feet 
lower tlian the bottom of the road covuriug, and, to prevent 
accidents to vehicles, they should be placed on the field side 
ol the fences or hedges, when passing through sections of 
country where euch barriers are necessary, as they usually 
are in agricultural districts. It would be better for the road- 
way, to place the side ditches between the road and the 
fences, thus widening the space between the latter, and in- 




Fis 19 

creasing the degree of e\pasure of the road surface to the 
action of the wind md sun , md this method should be fol- 
lowed wheuever idmissible A line of hedge or shade trees 
on each side of tlie road, exerts a very damaging effect upon 
its condition, and adds greatly to the cost of its proper 
maintenance. High walls and hedges are more objectiona- 
ble than open post-and-rail or rail fences. 

Upon those portions of the road in excavations, unless it 
be through rock, open side ditches are inadmissible, as they 
would soon he filled up hy the earth washed down from tlie 
side slopes. Covered side drains are necessary. They may 
be constructed as shown in Fig. 19, with a flooring of con- 
ci-ote, flagging stones, or brick, witli side walls of the same 
material, und covered with flagging stones gr with Itickfl, or 
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Btones corbeled out to meet above the centre of the drain. 
The roof should be laid with open joints, and then covered 
with a layer of straw, hay, or fine brushwood, upon which 
a filling of fragments of stone, bvicks, or coarse gravel and 
pebbles is laid, so as to allow tlie water to filter freely 
through, without carrying sediment with it. 

Cross Drains. 

Besides the covered side drains in cuttings, cross drains 
are usually deemed necessary to keep the road bed dry. 
Their depth should be 20 to 24 inches below the road cover- 
ing. They should have an inclination on the bottom, from 
the axis of the road to the side drains, of not less than 1 in 
100 nor greater than 1 in 30. When the road is level they 
may run straight across. When otherwise, their plan 
assumes the form of a broad letter V, with the point in the 
centre of the road directed toward the ascent. From this, 
their usual form, they are termed cross-mitre drains. Their 
distances apart will depend upon the nature of the soil, and 
the kind of road covering used. In some cases, it should not 
exceed 18 to 20 feet, in others it may be much greater. 
They are constructed by digging trenches across the road 
bed, after the surface has been pi-epared for the reception of 
the road covering, and then filling the trench with broken 
stone or pebbles, leaving a small open water-way at the bot- 
tom, so constructed that it will not become choked with 
earth. Bricks may be used for this i)urpose in a variety of 
ways as shown in Figs. 20, 21, 22 and 23. Flat stones may 
be used as shown in Fig. 9, page 41. 

Tlie area of the water-way of Fig. 20, is \\lv\\Q,<LQ,<5s.^\^t^ 
large, for most cases that \\\\\ oc^w^ m ^\v\^'C\^^^^i^s^'i|>^^ 
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eqaare inches The bottom of the road material rasts on the 
line AB. Small drama placed close together will drain the 




road bed much more efficiently than larger ones of the same 
aggregate water-way placed farther apart. A water-way of 
2.5 to 4 inches sectional area, snch as may be obtained with 





three linos of whole brioks placed end to end as in Fig 3S, 
will generally be ample. The full lines show one method of 




Mzranging Ine brick, and the dotted lines another. By split- 
^'ag' one-tbird ol the bricks into haUes longit^iTOaa-j , 'Cft^-j 
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may be placed as in Fig. 23, or more economically still as in- 
Fig. 21, by splitting one-fifth of them. 

The water-way may be formed of drain tiles of lij- to 2 
inches interior diameter. Indeed, the ordinaiy method of 
tile-drainage for agricultural purposes will answer excellently 
for the sub-drainage of roads, and it will seldom be neces- 
sary to use tiles of larger bore than 1^ to 2 inches. With a 
fall of 1 foot in 100, a 1^ inch tile will discharge nearly 
12,000 gallons of water, and a 2 inch tile nearly 22,890 gal- 
lons in 24 hours. The tiles are placed in contact, end to 
end, in a trench cut very narrow at the bottom, care being 
taken to give each piece a firm bed, and to arrange the axes 
in a continuous line, so as not to diminish the water-way by 
jogs at the joints. The bricks, stones or tiles used to form 
the water-way, should be covered over with a layer of hay, 
straw, tan-bark, turf, or other suitable material, to prevent 
earth from entering the drain ; the trench is then filled up 
with the earth excavated from it. 

Cost of Stone, Brick and Tile Drains. 

Tiles are generally a little more than one foot in length, 
so that making a fair allowance for breakage and imperfect 
pieces 1000 tiles may be relied upon to lay 1000 feet 
of drain. Two-inch tiles can be manufactured at profit in 
ordinary times for $11.00 to $11.50 per thousand, and bricks 
for $G.50 to $7.00 per thousand. We will estimate the tiles 
at $14.00 and the bricks at $8.00 delivered and distributed 
along the road. A cross drain under a road 30 feet wide, 
with one foot-path, page 60, will be about 45 feet long. The 
tiles will cost $0.63 for each cross drain, the brick %V.^^ "^^s^ 
the small triangular drain, ¥ig. 'ill •, ^l.^'it \sst >(ias^ Hjcssss^^ai 
3* 
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lar drain Fig. 22, or the small square drain, Fig. 23, and 13.24 
for the large square drain, Fig. 20. The labor will be nearlj 
proportional to the amount of excavation, and will therefore 
be the least for the tile drain, so that it is within limits to 
estimate the cost of the latter in labor and material, at con- 
siderably less than one-half that of the f ormei\ If the cross 
drains have their discharge three inches above the bottom 
of the side ditches, with a fall from the centre of the 
roadway each way of tliree inches — equal to 1 in 90 — 
their average depth below tlie road surface will be about 
three feet, and the average depth of excavation below the 
subgrade prepared for tlie reception of the road materials 
will be a little over two feet, inclusive of the greater depth 
under the foot-path. The following estimates of the cost 
per rod of these several kinds of drains, is believed to be 
fair, with labor at $1.75 per day, in stiff clay soils : 





Tile drain. 
2-inch pipe 

tilUB. 


Brick tri- 
angular 
drain. 

Fig. 21. 


Brick drain. 

3 courses 
end to end. 

Figs. 22, 23. 


Brick drain. 

4-in. X 4-in. 

Fig. 20. 


Cutting and filling 
per rod 


$ cts. 
.25 
.23 


$ cts. 
.80 
.55 


$ cts. 
. 30 
.594 


$ cts. 
. 35 

1.188 


Cost of tiles, or bricks 
1 Total cost per rod . . . 


.48 


.85 


.894 


1.538 



The trenches for stone drains must be excavated to a 

width of at least 21 inches on tlie bottom. They may be 

out with vertical sides. At least one-half of the earth must 

/^e hauled away to make room for ttio atoiic, ^o l\v^^ W\^\-<^ 
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win be more than one cubic yard of earth to be carried away 
and a like amount of stone collected and brought to tlie 
road for every rod of drain. If stones of the riglit kind arc 
near at hand it would not cost more than 25 cents per cubic 
yard to collect them, while twice that amount would not be 
excessive if they have to be brought from a distance or dug 
from a bank or pit. Assuming that the stones can be col- 
lected within a quarter of a mile of the road, the following 
estimate is submitted as a near approximation : 

Cost of Stone Drains per lineal rod. 

Cutting trench and hauling away the surplus earth 50 cents. 

Collecting and hauling 1 cubic yard of stone 25 

Laying the stone and filling in. • 25 

Total per lineal rod $1.00 

A standard work on Farm Drainage (Henry F. Frenciij 
estimates that with tiles at $10.00 per M, — 1 cent per foot — 
and labor at $1.00 per day, the cost of a tile drain 4 feet 
deep will be for cutting and filling 33^ cents, and for the 
tiles 16f cents, or a total of 50 cents per rod. At the same 
price for labor, the cost of a stone drain is set down at 
$1.25 per rod, viz., for cutting and filling trench 21 inches 
wide 50 cents, for hauling stone 50 cents, and for laying the 
same 25 cents. And the conclusion is that " drainage with 
tiles will generally cost less than one-half the expense of 
drainage with stones, and be incomparably more satisfactory 
in the end.'' 

As tile drains are more liable to injury from frost than 
those of either bricks or stones, their ends at the side 
ditches should not, in very cold climates, be eK\\o§ft,<i ^\\^^^ 
to tlw we^th^r, but may termmu^te \\\\S\;\\i^^\^^sx^>^^'^'^^^ 
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under the road a distance of aoout 3 to 4 feet from the 
inner slope of the ditx)h. 

Another method of draining the road-bed, 
offering security from frost, is by one or more 
longitudinal drains, discharging into cross-drains 
placed from 250 to 300 feet apart, more or less, 
depending on the contour of the ground. With 
a roadway and foot path 45 feet wide at the level 
of the bottom of the side ditches, two such drains 
of 1| to 2 inch tiles will be required in most 
kinds of clayey soils. They should be placed at 
equal distances from the side ditches and from 
each other, and will therefore be 15 feet apart. 
Their depth below the surface should be noi 
^ less than 3 to 3 J feet, and the cross-drains into 
jg* which they discharge should be of ample di 
mensions. 

All roads upon clayey soils in flat level coun 
tries should be amply provided with draini 
under the road covering. For deep, marshy, 
soils, as already mentioned, they are indis- 
pensable. 

Surface Drainage. 

The drainage of the road-surface is provided 
for by making it a few inches higher in the cen- 
tre than at the sides, sloping it gently in boili 
directions to the side gutter, f\nd is also greatly 
facilitated by giving the surface an inclination 
longitudinaMj not greater than 1 in 34 nor less 
f/j£^i^ 1 in 125^ A series of gently \xa(\u\\x\ao\x^ m^^ \ivt 
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established, e?en in a perfectly level couDtry, without adding 
materially to the cost of construction. 

If there are no sidewalks the aorface drainage is dis- 
charged directly into the side ditches. When there are 
sidewalks the drainage is into the side guttera, from which 
it must be carried into the side-ditches by small covered 
drains of stone, brick, or tile, see Fig. 25, and dotted lines. 
Fig. 18, or conducted hy vertical shafts into the cross- 
drains, if that method of draining the road-bed has been 




adopted. These vertical drains (Fig. 34) are covered at' 
top by a grating to arrest coarse earth, leaves, etc., and may 
have beneath them a small vault lined witii masonry, termed 
a silt basin, to collect the 6ne sediment which flows in from 
the roadway, which should be removed from time to time 
and restored to the road surface. 

The covered sidc-druins (Fig 19) may if desirable, bf 
consti-ucted with a roof of concrete or of brick or stone laiil 
in mortar, in which case the filling c4 \itoYcw ^woti*, s^'jj^'^, 
fiCf ubow, for filtering puruoB^, '^lo^)\ft. ^ cksC"^ 
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arrangements made for conducting the water into the drain 

through vertical shafts placed at suitable intervals. These 

vertical openings should be placed over silt-hasins, and be 

large enough to admit a boy, so that the sediment can be 

removed as often as necessary. (Fig. 25. ) This method of 

construction is much used in cities and towns, but not on 

country roads. 

Culverts. 

Besides the side gutters, side drains, cross drains, and small 
drains already mentioned, which are intended more espe- 
cially to carry off the water falling upon the roadway, and 
upon the side slopes in cuttings, and to keep the road bed 
and subsoil dry in flab countries where the soil is clayey or 
marshy, other drains called culverts are required for carry- 
ing under the roadway the stream intersected by it, and 
generally for conveying away into the natural water-courses 
the water collected by the side gutters and ditches on the 
upper side of the road. 

The dimensions of the water-way of culverts should be 
proportioned to the greatest volume of water which they 
may ever be required to carry off, and should in all cases be 
large enough to allow a boy to enter for the purpose of clean- 
ing them out. Eighteen inches square, or if circular, twenty 
inches in diameter, will suffice for this purpose. They 
should have an inclination on the bottom of not less than one 
in one hundred and twenty, nor greater than one in thirty. 
Small culverts may be constructed of the same cross-section, 
and in substantially the same manner as the covered sido 
dmiiis, Fig. 10, with ihc exception that no arrangement need 
ho mndo lor rooeiving the water from above through a filter 
of stone fragments or gravel, TU<) sV^oa ^Ti^ ^c^ol isxwj 
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therefore be laid in mortar, and the floor had better be in 
the form of an inverted arch. 

In localities where stone and brick are expensive, small 
culverts may be constructed of four slabs or planks (Fig. 26) 
forming a long box open at both ends. To prevent the side 
pieces from being forced together by the pressure of the sur- 
rounding earth, they should rest against small blocks oi 
wood nailed at intervals into triangular notches cut on the 
inner faces of the top and bottom pieces, or the edges of the 
side pieces may be inserted into longi- 
tudinal grooves cut in the top and bot- 
tom pieces. 

It will be found advantageous to use 
hydraulic concrete for culverts, especially 
for those of large dimensions, unless bricks 
ijan be procured at a low cost, or stone in 
suitable form is plenty in the neighbor- 
hood. Most localities will furnish sand, 
coarse gravel and pebbles. With these and 
a liberal addition of common lime to the 
hydraulic cement, a concrete suitable for ^^' ^' 

work of this description can be prepared at moderate 
cost. The following proportions will answer : 

1 measure of Kosendalo, (or any equivalent) cement. 

1 measure of slaked lime in powder. 

4 to 4^ measures of clean sharp sand. 

9 to 10 measures of pebbles, small fragments of stone or 
brick, oyster shells, or a mixture of them all. 

When Portland cement of standard quality is used, the 
proportions may be : 

1 barrel Portland cement, as \>acW^?iiat xcL'a.f^^^i. 
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1 barrel common lime, producing 2i to 3f barrels slaked 
lime powder. 

9 to 10 barrels sand. 

15 to 17 barrels of the coarse materiak. 

It mnat be borne in mind that the addition of common 
lime weakens, and also retards the induration of the con- 
crete. Tho qoantity added must, therefore, be goTemed by 
the importance of the work, and the length of time it will 
have to harden before being subjected to heavy weight or 
pressure. 

A form of cross-section for cnlvertB, which admits a min- 




imam thickness in the concrete floor and sides i9 shown in 
Fig. 27. In constructing a culvert of this form, a trench, 
concave at bottom, is flrst excavated to the width of the base 
n c, and the concrete floor, four to fave inches in thickness. Is 
formed thereon in one layer. Upon the floor cross pieces are 
planed at intervals of a few feet, to support the two detaehed 
segments of centering for the sides, which should rest upon 
wedges, to facilitate their removal for further use. The 
centering may be made in lengths of from twelve to twenty 
fee^ and of each weight that three ot four men can easily 
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nandle them. Convexity is given to the exterior surfaces by 
a movable form, made by nailing narrow strips of boards to 
cross pieces cut to the required concavity. It is kept in 
place by wooden braces nailed to stakes driven into the side 
slopes of the trench. For a culvert of twenty-four inches 
interior width at the base, arched as in Fig. 27, with circular 
segments whose centres are in the vertices of the opposite 
angles, the sides need not exceed five to six inches in thick- 
ness, in case of ordinary depth. 

For culverts with a gentle inclination on the bottom, the 
concrete floor may generally be safely replaced by a layer 
three to four inches in thickness 
of broken stone or pebbles of 
half an inch to two inches in 
diameter, grouted with hy- 
draulic cement to keep them 
in place, and protect the founda- 
tion from undermining. For 
the same reason, the foundations 

should be started lower than ^^' "''^SS^^^/'/f^^'' 
when the bottom of the water ^^o- 28. 

way is well paved, or when formed of a monolith of concrete 
in the manner last described. For the discharge of large 
volumes of water, the masonry must be proportionally mass- 
ive, but may still be made of concrete, which may be con- 
siderably cheapened by embedding in it, as the work pro- 
gresses^ fragments of rock of various shapes and sizes. A 
section of such a work is shown at Fig. 28. 

The ends of culverts passing through embankments 
should be protected against the undermining action of the 
water. This may be done by a sheet ^a1^^ ^"^ *^ss>5|^ias 
stones or etout planks, sunk ^e\\ m\>o >Jtife ^^^> ^'^'^ 
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iipron of rip-rap stone, or a good pavement, so as to prevent 
all percolation of water under or at the sides of the culvert. 
The length of the covered portion of a culvert is equal to 
the distance through the embankment, on a line with the 
crown of the arch or roof, and it should be extended out and 
finished at each end by two wing walls spread out in fan 
shape, and finished on top in steps, by courses or in a sur- 
face parallel with the side slope, but rising a few inches 
above it, to prevent the earth washing over. 

In order, to give gi'eater stability to the wing walls, and 
increase the power to resist the pressure of the earth behind 
them, their plan may be that of an arc, with either the con- 
vexity or concavity to the front, the object being simply to 
increase the moments of inertia without materially increas- 
ing the amount of masonry in the wall. One end of the 
culvert given in transverse section in Fig. 28, is shown with 
wing walls in longitudinal vertical section and elevation in 
Fig. 29, and in horizontal section and plan in Fig. 30. 

Width and Transverse Form of Roads. 

The determination of the width and transverse form 
of a country road presents questions of great import- 
ance. Some engineers recommend narrow roads, on the 
erroneous presumption that the cost of maintenance, like that 
of construction, varies directly or nearly so with the area of 
the road surface, while in point of fact, unless in special and 
extreme cases, it varies with the amount of traffic upon it, 
increasing, however, more rapidly than the traffic. It may 
be assumed that the quantity of material required to repair 
a road is about the same, for the same amount of traffic, 
whether the road bo twenty-five feet or tkirty fe^t in widths 
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ft.tliongh there is i 
ill favor of the nai 



niill sa\-ing in the labor of spi'eailing it, 
IV road. A narrow roud is less oiposed 




to the drying action of 

tad also requires more constant sa-vcrtSsva^ 
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quent repair, in consequence of the traflBc being more closclj 
restricted to one track. 

A width of 27 to 30 feet, prepared for vehicles, will be 
ample for the principal thoroughfare between cities and 
large towns, which should be increased, within or near the 
cities, to 40, 50, or even to 60 feet, where the amount of 
traffic is large, and there is a great deal of light travel and 
pleasure driving. 

For cross, branch, and ordinary town and country roads, 
the width of the portion bedded with stone may usually be 
reduced to from 16^ to 17 feet, which will amply suffice for 
two carriages of the widest usual size to pass each other upon 
the road-covering without danger of collision. In special 
cases of private roads where the bulk of heavy traffic is all in 
one direction, the width of covering may be restricted to 
8 or 9 feet, or what is sufficient for one carriage, the loaded 
vehicles having the right of way, and requiring those travel 
ing light to turn out upon the sides. 

Side-walks for foot passengers are usually omitted in new 
or thinly settled countries, although always desirable, if tor 
no other reason than the protection they afford against up- 
setting into the side ditches during the night, in localities 
where there are no fences, or where the ditches are between 
the fences and roadway. 

At least one paved or otherwise properly covered side- 
walk is necessary near towns and villages. When the 
natural soil is composed principally of sand and gravel it 
may form the surface of the side-walk, which should be 
established at about the height of the centre of the roadway. 
7/2 heavy clayey or loamy soils an excavation to the depth of 
^re orsjx inches should be made to the pio^et m^\Xv oi tVva 
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foot-path, and filled in with coarse sand or gravel, or with a 
la^er of well-coinpacted broken stone topped off with one to 
two inches of gravel. The innpr edge of the side- walk should 
be protected against the wash of the side-gutters by a facing 
of sods or dry stone. 

In cities the side-walks are paved, and the surface slopes 
toward the street at the rate of not less than one inch in ten 
feet, in order to secure the prompt discharge of the surface 
water into the side-gutters, and the edge next the gutters is 
faced with slabs ci stone called curb-stones set on edge, with 
their top edges flush with the side-walk pavement, and their 
lower edge six to eight inches below the bottom of the gutter. 

(The construction of side-walks will be described here- 
after). 

In France, four classes of roads are prescribed as fol- 
lows : First, 66 feet wide of which 22 feet in the middle are 
paved or stoned. Seco7id, 52 feet wide of which 20 feet are 
stoned. Third, 33 wide of which 16 feet in the middle are 
stoned ; a.nd fourth, a width of 26 feet of which 16 feet in the 
middle are stoned. 

Telford's Hollyhead road, which runs through a hilly 
country, is 32 feet wide between the fences on flat ground, 28 
feet on side cuttings not exceeding three feet deep, and 22 
feet along steep and precipitous ground. 

The Cumberland or National road in the United States 
hiis a prescribed width of 80 feet, but the prepared road- 
way is only 30 feet wide. 

The Eoman Military roads were narrow, being only 12 
feet wide on the straight portions, and 16 feet upon curves. 

Wide roads are sometimes finislved. ^\^ ^ xoi^-^^-^^t- 
ingin the middle only, of ]ust au^c\«rL\»^\ei.^^^'^'^^^'^^ 
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olos to pass each other upon ifc, while the sides are main- 
tained as dirt roads, for light and fast travel daring the sea- 
sou when the soil is comparatively dry and firm. The objec- 
tion to this method is that during the wet season the road 
covering is injured by the large quantity of mud conveyed to 
it from the sides. 

Opinions differ as to whether that portion of the carriage 
way to be finished and maintained as a dirt road, should be 
at the sides or in the middle. Heavy loads are apt to seek the 
sides, in order that the driver may walk upon the foot path, 
which favors metaling the wings rather than the middle. 

It has been mentioned that the drainage of the road 
should be provided for by making it higher in the middle, 
and also by sloping it longitudinally. Engineers differ as to 
the most advantageous form of cross-section, some recom- 
mending a convex curve apj^roaching to a segment of a cir 
cle, or a semi-ellipse, while others prefer two planes gently 
sloping toward the side-gutters, and meeting in the middle 
of the road by a short connecting convex surface. The lat- 
ter method seems to carry the weight of testimony, the 
obvious objections to the convex road being that the water 
will stand in the middle of the road unless carried off by 
longitudinal slopes ; that carriages will keep in or near the 
middle, and cause excessive wear along one line, in order to 
run on a level and avoid the tendency to overturn near the 
side-gutters ; and that when travel is forced to take the side?, 
the labor of the horses and the wear of the wheels and of 
the road covering are greatly increased, in consequence of the 
oblique action of the weight, and the tendency of the vehi- 
o]e to slide upon the road surface. 
I^ IS recommended therefore tliat th.e croaa-Bfcc^cyDL qWXva 
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road surface be formed of two straight inclined lines con- 
nected at the centre by an arc of a circle about five feet long, 
drawn to a radius of from 85 to 90 feet. The highest point 
of the arc should be in the middle of the carriage way. The 
/ degree of inclination toward the sides may be at the rate 
/ of 1 in 20 for rough roads, 1 in 30 for ordinary well-main- 
/ tained gravel or broken stone roads, as in Fig. 18, and 1 in 
/ 40 or 50 for good paved roads. The drainage of the surface 
I should, when practicable, be further facilitated by giving it 
y an inclination longitudinally of not less than 1 in 125. In 
a level country this may be done at a trifling ■ cost by a 
series of short gentle undulations. 

Catchwaters. 

Upon a long stretch of continuously descending road 
catchwaters should be placed at intervals. They are alsc 
necessary at the depressions where an ascending and descend- 
ing grade meet, their province being to collect the water 
which runs down the surface of the road longitudinally, and 
convey it into the side-drains, thereby preventing the forma- 
tion of furrows and gullies in the road surface. They are 
broad shallow paved ditches constructed across the road, and 
so formed that vehicles can pass over them without sustain- 
ing a severe shock. They may slope toward one of the side 
ditches only, or incline each way from the centre toward 
both, and, if located in a depression, will be placed at right 
angles to the line of the road. When placed upon a gi-ade 
they should cross the roadway diagonally, in a straight line, 
when their discharge is on one side only, and if on both, 
their plan should be that of a broad lo^U.^^^ \ ,-«\^0^'^'^ ^jskv^^ 
pointing toward the ascent, so \\x«.\. VJav^l ^'^ ^^^'^'^ ^^^ 
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divide the surface water and convey it to the two side 
ditches. 

The catchwaters may have a descent of from 1 in 30 to 
1 in 40, and, as their cross-section should be as nearly uni- 
form as possible, the direction to be given to them in relation 
to the axis of the road will be governed by the steepness of 
the grade upon wliich they are placed, and the transverse 
form of the road surface. They should never be so located 
tliat one rear wheel and one forward wheel, on opposite sides 
of a vehicle, will enter tliem at the same time. 

A mound of earth erected across the road, either in a 
straight line, or in a V shape pointing up the ascent, is a 
cheap substitute for a catch water drain, and will answer 
very well if so proportioned that vehicles can pass it without 
inconvenience and with very little shock. 

The pavement of catchwaters should extend to the point 
where the surface water is received — ^by the side-ditches 
or otherwise — to be conveyed away to the natural water- 
courses. 

Tools and Implements. 

The most necessary small tools and implemeiits used in 
the construction and repair of roads are hammers for break- 
ing stone, forks for handling it, levels for adjusting the 
transverse form of the surface, and shovels and picks for 
general use. 

The stone hammers are made of iron or steel, with 

wooden handles, and are of two sizes, one to be used sittin;^ 

and the other in a standing posture. The first has a head 5^ 

to 3 inches ]ong, weighing about 1 pound, fixed to a handle 

i^ inches long. The other hammer liead \ve\^^ % ^Q\mi^ ^ja.^ 
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may be 7 inches long, and has a handle about 3^ f ^t long. 
See Fig. 31. 

The fork (Fig. 32) used in taking up the stones from 
the pile to load them into barrows or carts, or spread them 
upon the road, is made with ten or eleven stout steel prongs 
each 13 to 14 inches in length, set with their points li to 
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1^ inches apart. The whole length of the fork inclusive of 
handle should be about 4 feet 8 inches. Broken stone can be 
taken up with greater ease and rapidity with a fork than 
with any kind of shovel, leaving the detritus and earthy 
matter behind. 

The jpich is the one in common use, consisting of a bent 
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iron head tipped with steel at both ends and weighing about 
10 pounds, set to an ash handle about 2i feet long. One tip 
in fashion like an adz, and the other into a blunt point. 

The ordinary pointed shovel^ with a concave blad^ and a 
bent wooden handle, is the mo«»t u-efclxA \isx^ ^^^ ^Qf?>Ss. "^'^- 



I HOADS, STfiEElS, ASH I'AVKMBNTS. 

The level. Fig 33 is of great value ia adjasting the 
croas-section of Hie road. 
]t consists of a wooden 
stntight edge A C with 
a ]ihmiiiict D al its ceu- 
tre. For a road 30 feet 
wide between tlic side 
gutters, the slraight edge 
should be IC feet lung, 
wliicii, omitting 6 inches 
at uacli end, may be divi- 
ded into eqiiui spaces- - 
say five spaces of 3 feit 
each. Sliding gauges, 
set transversely in dove 
tail grooves, are placed at 
the several points of divi- 
sion, omitting one at the 
end of the straight edge 
intended to rest directly 
on the centre of the road. 
liv placing the level trans- 
\ei'Ecly across one half of 
the road, with the end, 
not occnpied by a gauge, 
iLstnig on the road sur- 
f (I t tlic crownj or at 
tlic precise height to 
which the crown is to 
he finiBliftd, ttbdiheu va^k.- 
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ing the straight edge horizontal by the plummet, the lower 
ends of the several gauges — ^previously adjusted and fixed to 
the required transverse slope — will indicate five points of the 
required road surface, the outer point being the bottom ol 
the side gutter. 
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ROAD COVERINGS. 



BoAD Coverings, have for their object the reduction oi 
tljc force of traction to the lowest practicable limit, at the 
least cost for construction and maintenance. They should be 
composed of hard, tough and durable materials, laid upon a 
firm bed, or upon an artificial foundation, from which water 
is excluded by suitable drainage. 

The basaltic, the doleritic and other trap rocks, known 
also as green stone, the sienitic granites, and generally the 
hardest and toughest of the feldspathic rocks, and some of 
the limestones of the transition and carboniferous formations, 
furnish the most valuable road coverings, whether used in 
the form of rectangular blocks, or in small angular frag- 
ments, or as cobble-stones, gravel, or coarse sand. Slag 
from blast furnaces, and cinders and clinker from cement 
kilns, are also used for this purpose. 

Wood in the form of blocks, or sawn into planks or slabs, 
is sometimes employed for the road-surface, but with little 
satisfaction or advantage. Its employment for foundations 
IB sometimes expedient and even necessary in the absence of 
belter materials. 

The covering of most of the roads in the United States, 

and in all new countries, is the natural soil excavated from 

the side ditches and thrown into the middle of the roadway. 

fn many cases, especiallj in sandy ot gtaNcW^ «>o\k, eveu 
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the side ditches are omitted, and the road is simply a wagon 
track upon the natural surface, which soon becomes a broad 
tshallow ditch, collecting and retaining the surface water from 
both sides of the track. 

Classification of Roads. 

Country roads, as distinguished from paved streets in 
cities and towns, may be classified with respect to their cov- 
erings as follows : 

1. Earth roads. 

2. Corduroy roads. 

3. Plank roads. 

4. Gravel roads. 

5. All broken stone (or Macadam) roads. 

6. Stone sub-pavement, with top layers of broken stone 
(Telford). 

7. Stone sub-pavement with top layers of broken stone 
and of gravel. 

8. Stone sub-pavement with top layers of gravel. 

9. Rubble-stone bottom with top layers of broken stone, 
gravel, or both. 

10. Concrete sub-pavement with top layers of broken 
stone, gravel, or both. 

Earth Roads. 

Earth roads necessarily possess so many defects of sur- 
face, that whatever amelioration their condition is suscepti- 
ble of, by a careful attention to grade, surface-drainage, and 
Bub-drainage, should be secured. The grades should be easy, 
not exceeding 1 in 30, the road surface slioald ^\$>r<^^ n^sjK^Ns^j^^ 
than 1 in 20 from tlxe centre Ww^xQt ^^ ^x^^^^'v^'^ ^^' 
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ditches should be deep and capacious with a fall of not less 
than 1 in 120, and trees should be removed from the borders 
to admit the wind and sun. In soils composed of a mixture 
of sand, gravel and clay, the road is formed of this material, 
and requires only that the ditches should be kept open and 
free, and that the ruts and hollows be filled up as fast as they 
form in the surface, in order to render the road a good on^ 
of its kind. 

In loose sandy soils, a top layer six inches thick, of tough 
clay will be an effective method of improvement, which, to 
save expense, may be restricted to one-half the width of the 
roadway. Sand may be added to adhesive clay soils with 
equal benefit, the object in either case being to produce an 
inexpensive road-covering that will pack under the action of 
the traffic during the dry season, and will not work up into 
adhesive mud in rainv weather. 

The material used in filling up ruts and hollows should 
be composed largely of gravel and coarse sand, free from sod, 
muck and mould. It should not contain cobble-stones, or 
larger fragments of rocks, which would form hard and un- 
yielding lumps on one side of the wagon track, soon result- 
ing in corresponding ruts and hollows on the other. All 
ruts should be filled in with good materials as soon as 
formed. 

A pernicious custom prevails throughout a large portion 
of the United States, of repairing country roads only at cer- 
tain seasons of the year. The cost of maintenance would 
be greatly reduced by frequent repairs, and especially by 
keeping the sido.-ditclios clear and open to their full width 
iind dei)th, by i)roniptly lilliug in the ruts, and by maintain- 
/n^ the required slopes from the centre toward the sides. It 
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will seldom be found that the material obtained by cleaaing 
out the side-ditches is fit to put upon the roadway. 

Corduroy Roads. 

Straight logs of timber either round or split, if cut to 
suitable lengths and laid down side by side across the road 
way, scarcely deserve the name of road. They are never 
theless vastly superior to a soft marsh or swamp, which, in 
some seasons of the year, would be absolutely impassable for 
wheeled vehicles of any description. They are commonly 
known as corduroy roads from their ribbed character. In 
heavily timbered districts nearly all the logs for such a con- 
struction would be procured in clearing off the usual width 
of 4 rods — 66 feet — prescribed for most country roads, the 
width of the road-covering itself, or the corduroy, being 
restricted to about 15 or 16 feet, so that two vehicles can 
pass each other upon it without interference. The logs are 
all cut to the same length, which should be that of the 
required width of the road, and in laying them down such 
care in selection should be exercised, as will give the smallest 
joints or openings between them. In order to reduce as 
much as possible the resistance to draught and the violence 
of the repeated shocks to which vehicles are subjected upon 
these roads, and also to render its surface practicable for 
draught animals, it is customary to level up between the 
logs with smaller pieces of the same length but split to a 
triangular cross-section. These are inserted with edges 
downward, in the open joints, so as to bring their top surfaces 
even witli the upper sides of the large logs, or as nearly so 
as practicable. Upon the bed thus prepared a layer of bcvsjaJx- 
wood is put, with a few inchea m V\i\c}&M^'s»% o\ ^<S^ ^"^ Hs^is^ ^^ 
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top to keep it in place. This completes the road. The 
logs are laid directly upon the natural surface of the soil, 
those of the same or nearly the same diameter being kept 
together, and the top covering of soil is excavated from sido- 
ditches. Cross drains may usually be omitted in roads of 
this kind, as the openings between the logs, even when laid 
with the utmost care, will furnish more than ample water- 
way, for drainage from the ditch on the upper to that on the 
lower side of the road. When the passage of creeks of con- 
siderable volume is to be provided for, and in localities 
subjected to freshets, cross-drains or culverts are made 
wherever necessary by the omission of two or more logs, the 
openings being bridged with planks, split rails or poles laid 
transversely to the axis of the road, and resting on cross 
beams notched into the logs on either side. 

Flank Roads. 

Plank roads were much in vogue twenty-five to thirty 
years ago, and are still used in localities where lumber is 
cheap, and stone and gravel scarce and expensive. They are 
usually about 8 feet wide, and occupy one side of an ordinary 
well-drained and properly graded earth road, the other side 
being used to turn out upon, and for travel during the dry 
season. The method of construction most commonly fol- 
lowed, is to lay down lengthwise of the road, two parallel 
rows of plank called sleepers or stringers, about 5 feet apart 
between centres, and upon these to lay cross-planks of 3 to 
4 inches in thickness, and 8 feet long, so adjusted that their 
ends shall not be in a line but form short offsets at intervals 
of 2 to 3 feet, to prevent the formation of long ruts at the 
^cf^-eff of the road, and aid vehicles in YegaLmin^ the plank 
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covering from the earth turn-out. New plank roads possess 
many advantages, for heavy haulage as well as for light 
travel, when the earth road is muddy and soft, but in a 
short time the planks become so worn and warped, and so 
many of them get displaced, that they are very disagreeable 
roads to travel upon. They are so deficient in durability 
that a common gravel road, as hereinafter described, will 
in the end be found more profitable in most localities. The 
ease and rapidity with which they can be constructed ren- 
ders them a popular and even a desirable make-shift in 
newly-settled districts and towns where lumber can be pro- 
cured at low cost, but they lack the essential features of per- 
manence and durability which all important highways should 
possess. The sleepers ought always to be ti'eated by some 
effective wood-preserving process to prevent decay. In the 
planks, ordinary rot will be anticipated by their destruction 
from wear and tear. * 

Gravel Roads. 

A capital distinction must be made between gravel that 
will pack under travel, and clean rounded gravel which will 
nofy due to a small proportion of clayey or earthy matter 
contained in the former, which unites and binds the material 
together. Sea-side and river-side gravel, consisting almost 
entirely of water-worn and rounded pebbles of all sizes, 
which easily move and slide upon each other, is unsuitable 
for a road-covering, unless other materials be mixed with it, 
while pit gravel generally contains too much earthy matter. 
The gravel for the top layer at least, should be hard- and 
tough, so that the wear will not pulverize it and cA\Jc^^^>i^ 
into dust and mud. It ahouVAbe eoax^^^^^^Te^'^S^.^Bo.^^^^^ 

4* 
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half an inch to an inch and a half in largest dimensions. It 
Bhould not be water-worn, and should contain enough sandy 
and clayey loam to bind it together firmly. 

Screening the Gravel. 

Pit gravel usually contains so much earthy material that 
it should be screened, to render it entirely suitable for the 
surface layer. For this purpose two wire screens will be nec- 
essary, one with the wires 1| to If inches apart, while in the 
other they should not be more than ^ to f inch apart. The 
pebbles which do not pass the large screen are to be rejected, 
or if used, are broken up into smaller fragments ; while the 
earth, small gravel, and sand that pass the smaller one, 
although unsuitable for the road surface, will answer for a 
Bub-layer or bed for the road material to rest upon, or for 
side- walk coverings. 

If the bed of the road is rock, a layer of earth should be 
interposed between it and the gravel, to prevent the too 
rapid wear of the latter. 

Applying the Covering. 

In ordinary soils an excavation to the depth of 10 to 12 
inches, and of the required width, is made for the reception 
of the gravel. The surface of this excavated form, called 
the sub-grade, may be made level, or preferably, it may be 
arranged parallel to the finished road surface by sloping it 
from the centre toward the sides. A layer 4 inches thick of 
good unscreened pit gravel in its natural state is first spread 
upon tljc road bed, which is then thrown open to travel 
until it becomes tolerably well consolidated. The gravel 
frz/J usually be carried upon the road m ^\i^^l-ba\:rowa or 
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carts, and adjusted to an even layer with rakes. The work 
may be hastened by using a cylindrical roller 2^ to 3 feet in 
diameter, and 5 to 6 feet long, weighing 1^ to 2 tons. A 
better design is to have two such cylinders arranged in a 
frame one behind the other, each being composed of two 
short cylinders 2^ to 3 feet in length, placed abreast upon 
the same axis. For compacting the bottom layers, and for 
the preliminary consolidation of the upper layers, a heavier 
roller cannot be used. A roller weighing from 5 to 7 tons 
and upwards may be used advantageously on the top layer, 
and if the light roller is not so constructed as to admit of 
loading, it would be well to have two. 

The heavy roller constructed for the New York City De- 
partment of Parks, weighed six and a half tons, and could 
be loaded up to twelve tons. ** It was composed of two hol- 
low cylinders of cast iron, set abreast on a strong wronght- 
iron axle, making together a length of five feet, with a diam- 
eter of seven feet." The cylinders were set in a timber frame- 
work, and had ajiertures in the ends through which broken 
stone and gravel could be introduced into interior compart- 
ments, by means of which the aggregate weight could bo 
increased to twelve tons. This roller is shown in Fig. 34, 
most of the shafts being omitted for want of space. 

For making gravel roads a roller weighing 6 tons will 
suffice, the 12 ton roller being well adapted to the construc- 
tion of broken stone or Macadam roads. 

A horse road-roller designed and used in Germany is so 
arranged that the cylincier can be filled with water, when 
heavv roUiiiir is to be done. When not in use, or when 
about to move from place to place the water is emptied out^ 
^nd the weight materially kssewOi, K \\>SS. ^^'?^^^\'^^ss^ ^^ 
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this roller will be foond in Mr. Clemens Herschel'a " Trea- 
tise on the Science o£ Road-making," published with the 
executive reports of the CommoTiwealth of Massachnsetts for 
the years 1869-70. Koad-rollere ])ropelled by steam power 
have been ueod to some extent, but no description of them 
is deemed necessary here. 

During the consolidation of the first layer by the light 
roller and by the trafiQc over it, men with rakes should be 
kept engaged in filling up the ruts as fast as they are formed. 




When the bottom layer is tolerablv well though not thor- 
oughly compacted a second laje of 3 to 4 mches is added 
and treated m the same manner SuLLtsi \e layers l>llow 
until the rod is made up to the rcquued height and form 
of transverse section The aggregate thickness of the sev- 
eral layera need not ewced 10 to 13 inches 

If the gravel be too dry to con soh date promptly it shouhi 
be kept moist by sprinkling-curts, care being taken not to 
make it so wet that the earthy material will become semi- 
fft'/ef »od coUtot on the surface. 
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If the screened gravel of the top layer is so deficient in 
binding material that it will not pack firmly under the ordi- 
nary traffic on wheels, a thin layer, not exceeding one inch 
in depth, of sandy and gravelly loam and clay, or indurated 
sand and clay known as hard pa7i, or the scrapings from 
stone yards, should be spread over it and slightly moistened 
by sprinkling-carts before the rolling is begun, the light 
roller being invariably used first. A better practice would 
be to thoroughly mix the binding material with the gravel 
for the top layer before it is spread upon the road. 

The sides of the road should be rolled first, to such 
degree of firmness that when the roller is placed upon the 
highest portion along the middle, the tendency of the gravel 
to spread and work off toward the side-gutters will be resisted. 
During the consolidation of the top layer the material must 
be kept properly moistened, and men with rakes should be 
in constant attendance to fill in ruts and depressions so aa 
to give the surface the required form, and secure uniform 
density in the road-covering. When finished, the light coat- 
ing of binding material will have been forced down several 
inches into the top layer, forming a kind of matrix which 
holds the gravel firmly in place, and provides a nearly water- 
tight covering for the road bed. Gravel beds generally con- 
tain a greater or less quantity of large rounded pebbles, of 
5 to 8 inches in longest dimension, which if not broken up 
into small fragments and incorporated with the road-cover- 
ing, may be advantageously employed instead of sods, for 
facing the inner edge of the foot-path to protect it from the 
wash of the side gutters, and in forming the small drain 
under the foot-path from the gutter to the svdft.-<i>^0«!i.. 
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Good Gravel Roads. 

A gravel road carefully constructed in the manner abo^e 
described, upon soil of such sandy or gravelly character that 
tlie side-ditches will thoroughly drain the road bed to a 
depth at least 12 to 15 inches below the bottom of the road- 
covering, thereby rendering cross drains unnecessary, will 
possess all the essential requisites of a good road. In soils 
where the side-ditches will not secure good sub-drainage, 
cross-drains, which cost but little, should be introduced under 
the road covering at suitable intervals. 

Inferior Gravel Roads. 

Country roads made with gravel are too frequently of a 
very inferior kind, being formed either by simply carting 
pit-gravel upon the road, and dumping it into the ruts and 
wheel tracks, and the gutter-like depressions worn by the 
tread of the animals, until the middle of the roadway grad- 
ually becomes covered to a width of 8 to 8^ feet, and a depth 
varying from 3 to 4 inches in the centre and 6 to 10 inches 
under the wheels, or by constructing an ordinary earth road 
with a single top layer of gravel. 4 to 6 inches deep and 8 to 
9 feet wide along the centre, the sides or wings being 
finished out with ordinary soil. Wheel ruts will form rap- 
idly on such a roa^, which should be promptly filled with 
gravel. By this means the thickness of the gravel-covering 
will be gradually increased under the wheels to 8 and 10 inches 
and upward. 

Macadam Roads. 

Macadam roads. Fig. 35, are constructed with successive 
/uyers of broken stone, applied in a mauuei svm\V^\ to t\v^t 
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above described for gravel roads. If the best quality of 
stone cannot be procured for the whole of the road covering, 
care should be taken to select the hardest and toughest 
stone for the upper, or preferably for the two upper layers, 
having an aggregate thickness of about 6 inches. The stone 
should be broken into fragments as nearly cubical in form 
as possible, the largest of which should not exceed 2^ inches 
in longest diagonal dimensions. For inspecting the broken 
stone, an iron ring 2^ inches in diameter may be used with 
advantage. 

If the material be very tough and hard, like most of the 
basaltic and trap rocks and the sienitic granites, or if the traf- 
fic upon the road be light and its amount not large, the stone 
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may be broken smaller, without danger of their crushiDg 
too easily or wearing too rapidly. The smaller the fragments, 
the less will be the volume of voids in the road covering 
liable to become filled with water and mud, and the sooner 
will the surface become hard and smooth when opened to 
traffic, or while being compacted with rollers. 

In Macadam's matured practice upon the Bath and 
Bristol roads, England, he did not allow any stone above 
three ounces in weight (equal, with the material he had, to 
cubes of H inches or 2 inches in their longest diagonal 
length) to be used* He caused splinters and thin slioea atyi 
gpsills to be excluded as far aa poaavViVfe, ^sA\aiA ^iwossAw^^^^^ 
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stress Tipon tiniformity of size, and perfect cleanliness or 
freedom from dust, sand, or earthy matter. The French 
engineers, on the contrary, are indifferent as to cleanliness, 
and upon their broken stone roads make use of all sizes from 
the dust and detritus produced in breaking, up to Ij- inch 
cubes, upon the assumption that the smaller particles occupy 
only a portion of the original void space between the larger 
fragments, the whole of which will sooner or later become 
entirely filled with dust and mud ; an assertion which must 
be accepted in a modified sense, for it is certain that a well 
constructed and properly maintained Macadam road should 
allow, and will allow all surface water which finds its way 
through the crust of the road surface,' to percolate freely 
through to the bottom of broken stone covering, where its 
prompt escape is provided for by suitable sub-drainage, upon 
soils where such a precaution is necessary. 

The stone, if broken by hand hammers, will comprise 
fragments of all sizes, from the largest allowable dimensions, 
down to small particles and dust, and of various angular, 
prismoidal, and cubical forms. 

It is not customary or necessary to screen hand-broken 
stone, but in loading it into the barrows or carts for trans- 
portation to the road, the detritus and most of the finer 
particles maybe left behind by using the broad forks already 
described. (Fig. 32.) If the prevailing forms are angular, 
and of all sizes below the maximum prescribed, the fragments 
will unite and dovetail together more firmly and compactly 
than cubes, and very little if any binding material is neces- 
sary. If the smaller fragments and detritus be carefully 
excluded by screening, the road cannot be compacted into a 
smooth hard surface by rolling or by txa^c. 
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Mr.Wm. H. Grant, Superintending Engineer of the Ne^ 
York Central Park, in his report upon the park roads, says, 
'* At tlie commencement of the Macadam roads, the experi- 
ment was tried of rolling and compacting the stone by a 
strict adherence to Macadam's theory — that of carefully 
excluding all dirt and foreign material from the stones, and 
trusting to the action of the roller and the travel of teams 
to accomplish the work of consolidation. The bottom 
layer of stone was sufficiently compacted in this way to form 
and retain, under the action of the rollers, (after the cpm- 
pression had reached about its practical limit) an even and 
regular surface, but the top layer — with the use of the heavy 
roller loaded to its greatest capacity — it was found impracti- 
cable to solidify and reduce to such a surface as would pre- 
vent the stones from loosening and being displaced by the 
action of wagon wheels and horses' feet. No amount of 
rolling was sufficient to produce a thorough binding effect 
upon the stones, or to cause such a mechanical union and 
adjustment of their sides and angles together as to enable 
them mutually to assist each other in resisting displacement. 
The rolling was persisted in, with the roller adjusted to dif- 
ferent weights up to the maximum load," (12 tons) "until 
it was apparent that the opposite effect from that intended 
was being produced. The stones became rounded by the 
excessive attrition they were subjected to, their more angular 
parts wearing away, and the weaker and smaller ones being 
crushed. The experiment was not pushed beyond this 
point. It was conclusively shown, that broken stones of 
the ordinary sizes, and of the very best quality for wear and 
durability, with the greatest care and attentiox^ 1"^ ^J^Jv*^'^ 
necessary conditions of rollmg aii^ eoTCL^c^'^^^'^'*^'^'^^^^^^^'^ 
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cousolidiite in the effectual manner required for the surface 
of a road, while eyitirely isolated from, and independent of 
other substances. The utmost efforts to compress and 
solidify them while in this condition, after a certain limit 
had been reached, were unavailing." 

Examination and Tests of the Stone. 

In order to decide upon the fitness of any particular 
kind of stone for road covering, and especially when there 
are several kinds equally available, or so nearly so that the 
question of selection should be governed by the quality 
alone, an examination and tests of the varieties should be 
made, in order to determine their relative toughness, hard- 
ness, and power to resist abrasion. In some cases the dif- 
ference of quality is so pronounced and so well known, that 
the opinion of intelligent stone-cutters of the neighborhood, 
who have been accustomed to work the several kinds ot 
stone into various forms with different tools, will be suffi- 
cient to indicate their order, though not their degrees of 
merit, for the purposes in view. When, however, the infor- 
mation thus obtained is deemed inadequate or inconclusive, 
the examination may be continued as follows : 

First. Average samples of the several stones — say a ton 
of each — should be collected together, and placed in separate 
piles in some convenient place. A practical stone-breaker 
shouli then be set to work with the ordinary stone hand- 
hammer, with directions to break up the material into 
sizes suitable for road metal, devoting an hour to each pile 
alternately, under the constant observation of the individual 
conducting the investigation. By this means the order of 
toughness of the seyeral kinds oi stone uhSl^t eiL'8ASL\XL'a»t\on 
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will be ascertained, for it is the toughness, especially when 
in small fragments, which enables a stone to resist frac 
tare from the repeated blows of a blunt tool harder than 
itself. 

Second. The power to resist abrasion, or at least the 
Drder of quality in this respect of the several kinds of stone 
under trial, may be ascertained by grinding them under 
equal pressure, upon an ordinary grindstone run by power 
at a uniform speed. For this purpose bars of the same size, 
about 2-in. by 2-in. by 6-in. should be prepared from each 
sample under trial, in some of which the laminae should 
be parallel to the end of the block, and in others perpendicu- 
lar thereto. The blocks are then tested one after the other, 
by putting them endwise in a long box open at the lower 
end and closed at top, arranged vertically over the grind- 
stone, with its lower end nearly touching the grinding sur- 
face. The box is firmly held in this position by framework 
attached to the grindstone frame. In the upper end of the 
box, directly above the specimen, there is placed a spiral 
spring, which is strongly compressed upwards against the 
top of the box, by the insertion of the stone specimen from 
the lower or open end. This spring supplies the force which 
presses the lower end of the specimen against the grinding 
surface, and of course exerts an equal force upon blocks of 
equal length. The amounts ground in equal times from the 
several blocks, as determined by their lessened weight, will 
give the inverse order of their powers to resist abrasion. 

Third, The compressive strength of the stones in small 
(say 2-inch) cubes, although less directly indicative of 
their fitness for road covering than the totQi%c>\x\^ Hfc^^-* 
should also be ascertained, w\veii \\. \^ cioxL^^^^"^^ xc^^^ ^^^ '''^ 
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corroborative data. With tlio iuformatiou tlius obtained it 
will aot be difScuIt to make a judicious selection. 

Stone-Crusher. 

Blake's stone-crusher, of which a longitudinal section and 
a perspective view of the easeutial parts is shown in JfHgs. 
36 and 37, is an excellent machine for breaking stone foi 
conci'ete or for road-coveriags. AA is a frame of cast iron 




ia one piece, which supports the other parts. It conaista 
of two parallel cheeks shaded dark in the drawing, connected 
together by the parts AA, B represents a fly wheel work- 
ing on a shaft having itf bearings at D, and formed into a 
ci'ank between the bearings. It carries a pulley 0, which 
receives a belt from a steam engine. F is a rod or pitman 
connecting the crank with the toggles GG. Tlie end of 
the frame A, on the right of the figure, supports a fixed 
jaw S against which the stoneaare cmaliei. 3 \a ftift ma"(a.bU 
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jfiw piYOted at K. L is a spriag of Indii^ rubber wliicli 
I oing compressed at each lorwai'd movement of the jaw J, 
aids its return. Every revolution of the crank cauaoB the 
pitman F to rise and fall, and the movable jaw to ativaiice 
a short distance toward the fixed jaw and return, so that a 
stone dropped in between the jaws J and H, will be brokea 




Fia. 3!. 

at the next Buccceilinj^ bite. The fr^ig meats will then fall 
lower down and be broken again and again at each reroln- 
tion until thej pass out at the bottom. The bottom of the 
opening between the jaws may be set ao as to deliver any 
required size of broken stone, by suitably adjusting the wedge 
N, inserted against the toggle block O. The crushed stone 
passes &oni the machine directly into a revoW™.^ ^l"i^^-^l&x^!!J£^. 
Boreen, iodined to the botizoa, t\i.B ^nftia.«ft <^^ ^rVvSq. «x* 
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small at the upper end, and of medium size, or about 2^ U 
2i inches square in the middle and lower portioQ. The dust 
and small particles joass through the meshes in the uppo" 
tnd, while the large fragments which issue out of the lowei 
end of the cylinder, are returned to the machine to be 
broken again. The rest is suitable for road-covering with- 
out any further preparation. The proper speed of these 
machines is about 200 revolutions of the crank per minute. 
They are made of several sizes, requiring engines of 4 to 12 
horse power, and their working capacity varies correspond- 
ingly from 3 to 7 cubic yards of broken stone per hour. The 
best size for breaking road material is one having a capacity 
to receive stones 8 to 9 inches thick and 14 to 15 inches wide. 

Thickness of the Road-covering. 

The thickness of the covering need not exceed 10 or 11 
inches of well consolidated materials on a good road bed, for 
roads in cold climates subjected to the heaviest traffic. The 
French road engineers consider ten inches sufficient in 
France, upon the most important roads, and 6, 7, and 8 
inches where the traffic is comparatively light. Macadam 
considered 10 inches of well compacted materials enough 
for very heavy traffic, and generally advocates less thickness 
than most English constructors. Six inches for the mini- 
mum and ten for the maximum thickness appear to have 
been his limits. In one instance he speaks of a road which 
^' having been allowed to wear down to only three inches, 
this was found sufficient to prevent the water from pene- 
trating, and thus to escape any injury from frost," and in 
*notherj states that ^^some new roads of six inches in depth 
ff^eiv not at all affected by a very seveie mivV^t."^ 



APPLYING THE MATERIAL. d5 

Applying the Road-covering. 

The drainage of the road bed having been provided for 
by side-ditches, and if necessary by suitable cross-drains, an 
excavation is then made to the sub-grade for the reception 
of the road materials, sloping from the middle toward tlie 
sides the same as the finished road surface, the depth of 
the excavation being regulated by the thickness adopted for 
the covering. It would be well, especially in made ground 
to consolidate the bed by rollers, or by ramming. 

A layer of broken stone three inches in thickness is then 
applied, care being taken, if dumped from carts or barrows, 
to spread it evenly with a rake. The road is then opened to 
travel in order that it may be compacted before the addition 
of more stone. This operation may be greatly hastened by 
rolling, beginning with the light and ending with the heavy 
roller. If the road bed be soft and yielding, whether natu- 
rally so at all times, or exceptionally so from recent rains, it 
may be necessary to omit using the heavy roller, for fear of 
forcing the bottom stone down into the soil. 

Ruts must be carefully raked in as fast as they are formed. 
Experience has demonstrated that 3, or at most 4 inches of 
broken stone, is the greatest thickness that can be well com- 
pacted at one time. 

The ''Wings" of Country Roads. 

As it will seldom be necessary, except near large towns 
and cities, to apply the broken stone over a greater width 
than 16 feet, pit gravel, or sandy or gravelly earth may be 
used for extending the layer over the *' wings* ' Tlv\9. ^'^'^^^^ 
pe l^^d on and consolidated at tV ^«^T^^ vXxsvs^nn^O^x'^^^^'^'^^ 
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stone. Wlien the lower layer shall have attained an eveii 
and tolerably well compacted surface, a second layer of stone 
not exceeding 3 inches in thickness, with gravel or earth on 
the wings, is then applied, and compacted by traffic and by 
rolling iis before. Tlie top layer is spread and consolidated 
in the same manner, but here the process of rolling shonkl 
be prolonged, and an ample force of men should be kept con, 
stantly employed in filling in tlie ruts, and in removing 
lumps and elevations, so that the finished surface shall not 
only be hard and smooth, but accurately adjusted to the 
required gradients and transverse form. The roller should 
pass over every portion of the road surface from 40 to 60, or 
iL necessary, even 100 times, and if the weather be dry the 
materials should be kept damp by sprinkling carts. A bind- 
ing layer about 1 inch in thickness of gravel, or gravelly 
earth or hard pan, may be spread upon the top layer after it 
has become nearly consolidated, unless the character of the 
broken stone is such as to render this precaution unnecessary. 
Wlien thoroughly consolidated, the finished road surface will 
not show any tendency to rise up and form a ridge in front 
of a 9 ton or 10 ton roller. 

Telford Roads. 

These roads — named after Thomas Telford, by whom 
hey were first constructed in Great Britain — are made with 
layers of broken stone resting upon a sub-pavement of stone 
blocks. Fig. 33 shows a transverse half-section of a road 30 
feet wide, with a Telford covering 16 feet wide along the 
m c'dle, and gravel wings. 

Telford's specifications for a roadway 30 feet wide were 
^ follows : '^ Upon a level bed preipaYed i^\ Uv^ \o^d irvaAQ- 
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rials a hottorr course or layer of stones is to be set by hand 
in the form of « close, firm pavement. The stones 4et in 
the middle of tn^ road are to be seven inches in depth ; at 
nine feet from the centre, five inches ; at twelve from the 
centre, four inches ; and at fifteen feet, three inches. They 
are to be set on their broadest edges and Icngtlnoise across the 
road, and the breadth of the upper edge is not to exceed 
''our inches in any case. All the irregularities of the upper 
part of the said pavement are to be broken off by the ham- 
mer, and all the interstices are to be filled with stone chips, 
firmly wedged or packed by hand with a ligh. hammer, 
so that when the whole pavement is finished, there shall be 
a convexitv of four inches in the breadth of fifteen feet from 
the centre. 

"The middle eighteen feet of pavement is to be coated 
with hard stones to the depth of six inches. Four of these 
six inches are to be first put on and worked in by carriages 
and horses, care being taken to rake in the ruts until the 
surface becomes firm and consolidated, after which the 
remaining two inches are to be put on. The whole of this 
stone is to be broken into pieces as nearly cubical as possible, 
so that the largest piece, in its longest dimensions, may pass 
through a ring of two inches and a half inside diameter. 

**The paved spaces on each side of the eighteen middle 
feet, are to be coated with broken stones, or well cleansed 
strong gravel, up to the Toot path or other boundary of the 
road, so as to make the whole convexity of the road six 
inches from the centre to the sides of it. The whole of the 
materials are to be covered with a binding of an inch and a 
half in depth of good gravel, free ftova ^\«u^ c^x ^^bs!^^'' 
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The Telford Sub-pavement. 

For the sub-pavement the stone may be of inferior 
quality, as it is not subjected to severe wear and tear ; but 
the toughest and hardest materials should be used for the 
top layer of broken stone. 

The only advantage gained by setting the sub-pavement 
on a level bed, and gaining the required convexity of cross 
section by placing the deeper stones in the middle of the 
roadway, is a saving of expense in allowing the use of small 
«tones at the sides. A better drainage of the road bed 
would doubtless be secured by making it parallel to the 
finished road surface, as was done with the Telford roads 
constructed in the New York Central Park. 

The advantages and disadvantages of tlie sub-pavement 
or " bottoming," which forms the characteristic difference 
between the Telford and the Macadam roads, have been the 
subject of lengtljy discussion between the advocates of these 
two methods of road construction. 

It is alleged against the Macadam roads, that in com- 
pressible soils like clay, the weight of loaded wagons forces 
the stones into the eartli ; that in wet weather the clay rises 
up into the voids between the stone fragments, and prevents 
a thorough consolidation of the road covering ; that in high 
.atitudes the extreme cold of winter breaks up the road ; 
that after a thaw the surface is liable to be cut up into 
Jeep furrows by the wheels ; that during a drought the ordi- 
nary traffic upon the I'oad causes a constant movement and 
consequently excessive wear among the broken stones ; that 
there will also be considerable movement and therefore wear 
wd tear due to tbo elasticity oi ttve lo^i Vj^d^ \q\vvcVv Q.\JA\\\<^t, 
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oe entirely prevented by any ordinary thickness of broken 
stoue alone ; and finally that the Telford bottoming consti- 
tutes a thorougli underdrain, and besides being a remedy 
for all these imputed defects, is less costly than its equiva- 
lent of broken stone, as substituted by Macadam. 

On the other hand, it is claimed by the partisans of tlio 
Macadam system, that the evils complained of do not exist 
to the extent alleged ; that suitable drainage will prevent 
them entirely ; that between the loaded vehicles above and 
the stone pavement below, the broken stone wears away 
much more rapidly than if laid directly on the earth ; and 
that generally a soft and elastic bottom is superior to a hard 
and unyielding one. 

In constructing a road — whether a Telford or a Macadam 
—upon newly embanked earth, or any light soil that hai 
not become thoroughly compacted, it is well to put th« 
bottoming, or the lower course of broken stone, upon 
layer of brushwood or fascines, in order that the settlement 
may be equalized as far as possible, and the formation ol 
ieep ruts prevented. 

RoHers for compacting the road bed, before the bottoming 
is put down, and for consolidating the layers of broken stone, 
may of course be used in the same manner and with equal 
advantages upon Telford roads, or upon those where the 
covering is broken stone only, or gravel only. 

Telford Sub-pavement, with Gravel and 
broken Stone on top. 

In some localities there may be an abundance of stone, 
Bucli as sandstone and the softer varieties of limestone and 
gneiss, which is entirely suitable Ioy Wv^ ^^Q»x\\i'^NXs>ra\^>^V 
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but does not possess the requisite hardness und toughness for 
the top layer of broken stone. In such cases after the bot- 
toming is set, the road may be finished with three to four 
inches of good gravel surmounted by a top or surface layer 
, of good broken stone ; or, the broken stone if too costly, 
may be omitted altogether, and the surface finished with u 
second layer of good gravel, in the manner described for 
gravel roads. 

Whenever it is necessary to use an inferior quality of 
stone for the sub-pavement, the method of gaining the 
requisite transverse convexity by setting the smaller stones 
on the wings should not be followed, lest the road covering 
should fail there before it becomes seriously impaired in the 
middle. This precaution is specially applicable in cases 
where the amount of traffic is so great that the entire width 
of the road is used more or less constantly. 

Rubble-Stone Sub-foundation and Telford 

Pavement. 

In soft gi'ound it is very desirable that the foundation 
should possess sufficient firmness and unity of mass, to bo 
able to resist any tendency to motion among the stones com- 
posing it, caused by the weight of passing vehicles, and the 
working up of the underlying soil into the interstices of the 
road covering. In order to secure this condition, a hiyer 
composed of rubble stones, varying in thickness from 3 to o 
inches, and in width and length from 8 to 18 inches, is some- 
times placed upon the road bed as a foundation for the Tel- 
ford sub-pavement. The stones are placed close together 
side by side flatwise, and rammed to their places, the inter- 
Bti'ces being /i/^er wards filled in and leveled u\> witli cliips 
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and spalls. A thin layer of sand or gravel is then spread 
over tlie surface, and compacted by ramming or rolling. 
Upon the foundation thus prepared, the Telford pavement is 
set, and the road is then finished with broken stone or gravel 
m layers, after the manner already described, 

Rubble-Stone Foundation "without the Telford 

Pavement. 

When the foundation is of rubble stones only, Fig. 38, it 
should, if the material is not too costly, have a depth of not 
less than one-half nor more than two-thirds of the entire 




Fig. 38. 

thickness of the road covering, whether the superstructure 
be of broken stone or gravel. For a total thickness of 10 
inches of road covering, the rubble foundation may be from 
6 to 7 inches thick, while 7 to 8 inches of rubble will not be 
too much for a road 12 inches thick. 

The foundation should be constructed with great care, 
the larger stones being laid down first, side by side, flatwise 
upon the road bed, and firmly set to their places with 
rammers. The interstices are then filled in and leveled up 
with smaller stones, care being taken by selecting the pieces, 
to get them to fit as closely together as possible, and thereby 
to mutually sustain each other in place. The object is to use 
as much material as possible in a given thickness, so as to 
reduce the volume of voids to a minimum. 

In placing the superstructuve \\i^ ^^^^ \K^^T,^^8?w^^siS5^^^ 
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be broken stone or gravel, should not exceed 2 inches in 
thickness, and it should be thoroughly compacted by rollers 
and by traffic before another is applied, in order that it ma)* 
penetrate and unite with the foundation, and become indeed 
a part of it, during the process of construction. Otherwise 
there will be a subsequent tendency to work down into the 
rubble work unequally, causing ruts and depressions in the 
road surface. Moreover, it is of great importance that 
the foundation itself should remain firm and intact, and that 
the least motion among its elementary parts should be avoided, 
lest the stones should, m process of time, work up to the 
surface and destroy the road. 

Macadam mentions the case of a road on Breslington Oom- 
mon, England, in the construction of which flag stones were 
laid down over the entire road-bed, and the road covering 
laid upon them. Their constant motion, or the slight tilt- 
ing up of one end whenever a heavily loaded vehicle passed 
Dver the other end, kept the surface in a loose and unsettled 
state. Eventually they were found canted up and standing 
on their edges, and it was necessary to reconstruct the road. 
Any possible motion in the foundation should be scrupu- 
lously guarded against, as likely to prove fatal to the stabil- 
ity and durability of the road. Where there is any reason to 
apprehend trouble from this cause, and indeed when the 
closest supervision cannot be had over the work, it will be 
safer to set the stones on their edge as nearly as possible after 
Telford's method, even should they be greatly dissimilar in 
size and shape, for an opportunity is then afforded to wedge 
in between them with chips and spalls, so as to guard quite 
effectually against their subsequent disphicoment from the ef- 
fccts ot moving loads, The stouQ§ may vary in thickness from 
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3 to 6 inches, in width or depth from 6 to 9 inches along the 
middle of the road, and in length from 8 to 18 inches, without 
rendering it difficult to form them systematically into a sub- 
pavement, greatly superior in firmness and stability to any 
mere rubble-work foundi),tion. Even flat cobble stones can 
ho used, mixed in with the irregular fragments. The plan of 
such a foundation is shown in Eig. 40, and a vertical section 
transversely to the line of the road in Fig. 39. 

Fio. 39. 




Fig. 40. 

Concrete Foundation surmounted with Gravel 

or broken Stone. 

In soft, wet and elastic soils, liable to more or less con- 
stant saturation with water, and especially in cuttings 
through clay banks, and in other localities where the side 
slopes are badly infested with springs, the difficulty in the 
way of securing firmness and stability in the road foundation 
is frequently of very serious character, in consequence of 
imperfect sub-drainage. Parnell instances the case of the 
Highgate- Archway Road, near London, located between 
banks of clay where the soil was surcharged w.th water. 
M.my fruitless attempts to drain tlie road bed had been 
nijidc, a large quantity of broken ytono had been used in the 
first instance, and subsequently tv\\vc\\ w^ wv\^ \Osr;xA w^ *^^^:^^ 
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brush and pieces of refuse tin. It was found impossible to 
consolidate the broken stone. It mixed up with the clay, 
and rapidly wore round and smooth, and the road finally 
became nearly impassable. It was rebuilt under the direction 
of Sir John MacNeill in the following manner : A thorough 
system of sub-drainage was applied by making four longi- 
tudinal drains throughout the entire length of the road, 
with cross drains at intervals of 90 feet. Smaller drains were 
placed 30 feet apart. On the road bed thus prepared to a 
width of 18 feet, a foundation of concrete 6 inches thick was 
laid. The surface of the concrete was indented transversely 
oy a series of shallow triangular grooves, formed by embed- 
ding strips of wood in the concrete before it had set. These 
grooves were about 4 inches apart, and had a fall of 3 inches 
from the centre of the road to the sides, in order that any 
water which might percolate through the broken stone cov- 
ering, would be promptly carried off. After the concrete 
had set, the superstructure consisting of six inches of broken 
stone was laid upon it, the wings or sides being carried out 
to the side gutters with flint gravel. By this means a dry 
and firm foundation was secured for the broken stone, and 
all possibility of any displacement of the latter by mixing in 
with the clay subsoil, or by the action of frost, prevented. 
The result, as might have been expected, was a first rate 
road. The concrete used for tlie foundation was composed 
of 1 part of Roman cement, and 1 part of sand mixed 
together dry. Eight parts of broken stone was then *ncor- 
porated, using as little water as possible. From these pro- 
portions it is evident that there was not OQOugh mortar in 
the concrete to fill the voids in the broken stone, while there 
doubtless was sizfficient to bind the ballast together firmly. 
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and resist the tendency to break up under the weight of 
loaded vehicles. 

Concrete foundations, even if laid upon a level bed, 
should be finished on top with a slope from the centre to 
the sides, about the same as that given to the road surface, 
to facilitate the drainage of the top covering. 

Foiindation of Rubble-stone and Concrete. 

Reference has been made to the difficulty experienced in 
wet and elastic sub-soils in keeping a foundation of rubble 
stones firm and intact, and in preventing the stones working 
up and finally destroying the road surface. A remedy for 
this evil is found in the judicious use of hydraulic concrete 
between the stones, as shown in Fig. 41. In founding by 




Fig. 41. 

this method, the largest stones and those most nearly ap- 
proaching the form of cubical and rectangular blocks, should 
be laid down first, side by side, but not in close contact, each 
stone being firmly set to its place by ramming. Concrete, 
in which the ballast should be composed of stone fragments 
not exceeding f inch in longest dimension, or of a mixture 
of such fragments and pebbles of all sizes up to J inch diam- 
eter, is well tamped in between and around the stones and 
carried up to the general line of tlieii* top surfaces. If a 
thickness of 6 to 8 inches is secured in this manner by one 
course of stones, this will suffice, and the road may be fin- 
ished in the usual manner with layers of broken ei«svA ^^ 
g;ravel. 
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A foundation of tins kind is believed to be as firm and 
durable as one of the same thickness composed entirely of 
concrete, while it costs considerably less. Its top surface 
should slope from the centre to the sides, in order to carry 
off all the wiiter wliich percolates through the top layer of 
stone or gravel, a condition which can be secured either by 
sloping the road bed, or by selecting the larger or deeper 
stones for the middle and gradually decreasing their depth 
toward the sides, thus giving a greater thickness of founda- 
tion in the centre than at tlie sides. 

It is of capital importance, in a foundation of this descrip- 
tion, that the stones should be of such shapes that when set 
m place their side surfaces will be nearly vertical, or rather 
will be as nearly perpendicuhir to the road surface as possi- 
ble, so that the concrete, after setting, will hold them firmly 
together, and effectually prevent any upward or downward 
movement, especially the hitter, which might take place if 
the stones are of unsuitable slui])o or improperly set, as shown 
in Eig. 42. 
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Fi0. 42. 



If the stones very generally, or a great portion of them, 
are thin and slab-like in form, they should be set with their 
two largest and opposite surfaces cross-wise of the road 
and perpendicular to the road-surface, showing in vertical 
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Fio. 43. 

longitudinal section as in Fig. 43. TVx^ co\ie.i^\fc ^\ll then 
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hold them firmly in place, even upon a wet and spongy 

road bed. 

Shell Roads. 

Upon the South Atlantic and the Gulf coasts of the 
United States, stone suitable for road coverings does not 
exist, and in most localities good coarse gravel or pebbles 
cannot be procured except at such an outlay for transporta- 
tion as to practically exclude their employment for road 
construction. Oyster shells, however, can generally be had 
at from 4 to 5 cents per bushel, exclusive of land haulage, 
and when applied directly upon sandy soil, as a covering, 8 
to 10 inches in thickness, they form an excellent road for 
pleasure driving or light traffic. They wear much more rap- 
idly, of course, than broken stone or gravel of good quality, 
and require more constant supervision to keep them in good 
order. When properly maintained they possess most of the 
essential requisites of a good road. 

Charcoal Roads. 

The novel expedient of using charcoal for road coverings 
is not likely to be resorted to except in newly settled, heavily 
wooded districts, where the standing timber has no market 
value, and must be gotten rid of before the land can be 
devoted to agiicultural pursuits. A case is mentioned in 
Michigan where a good road was made through a swampy 
forest in the following manner : 

"Timber from six to eighteen inches through is cut 
twenty-four feet long, and piled up lengthwise in the centre 
of the road, about five feet high, being nine feet wide at the 
bottom and two at top, and then coveted 'w^ 
^lU'ih m the wanner of coal ^Vts. 'X.Vft ^»x>3kl 
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cover the pile, taken from either side, leaves two good sized 
ditches, and the timber though not split, is easily charred ; 
and when charred, the earth is removed to the side of the 
ditches, the coal raked down to a width of fifteen feet, leav- 
ing it two feet thick at the centre and one at the sides, and 
the road is completed." The material was found to pack 
well, not form into ruts, nor get soft and spongy in wet 
weather, although the water was not drained from the 
ditches. Its cost was $GGO per mile, and contracts for two 
such roads were given out in Wisconsin at $499 and $520 
per mile, respectively. (See Gillespie on Boads and Bail- 
roadfl.) 



CHAPTEE TV. 

MAINTENANCE AND REPAIRS OF ROADS. 

It is not considered to be fairly within the scope of ihia 
w^ork, to enter upon a discufision of the methods by which 
the funds necessary for the proper maintenance of a public 
highway shall be raised and applied. 

The turnpike system, however, under which those who 
make the longest trips are required to pay tolls foi keeping 
up the road, is not believed to be equitable in all respects, 
nor the most advantageous to the community living on or 
adjacent to the line. 

Many unthinking persons would be deterred from loca- 
ting upon a turnpike, on account of the tolls to which they 
would be thereby subjected, regardless or ignorant of the 
fact that their haulage and other road expenses are likely to 
be greatly augmented by their unwise selection. 

A judicious policy of road administration will attract 
population to the best roads, and therefore increase the 
amount of traffic to be accommodated, and correspondingly 
lessen the expense per capita for road maintenance. Any 
system which does not secure these substantial results, if 
not complicated by controlling circumstances of an adverse 
nature, must be either inherently bad, or inefficiently ad- 
ministered. 

The advantage of maintaining a public higlw«»^ yc^^t^^- 
lent condition^ from uxotivQS ot ecouom'jj ^XoxjkG^x^^^^^'^^ 
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virhich rarely receives that careful attention from those having 
the matter in charge, to which its importance justly en- 
titles it. 

The average endurance or life of draught animals and of 
vehicles, are functions — calculable within reasonable limits — 
which enter directly into and should in a great measure con- 
trol all considerations of policy on this subject, since they 
are not only not in conflict, but strictly coincident with the 
most advanced humanitarian views having a bearing on the 
question. 

The traffic upon any given highway requires for its ser- 
vice a certain number of animals and vehicles, their number 
depending in great measure on the condition in which the 
road is maintained ; and observation has shown that the 
amount of improvement in the surface of a metaled or other 
road, as ordinarily maintained throughout the United States, 
that would enable eight horses, for example, to do the work 
of ten without extra fatigue, is greatly below the estimate 
usually placed upon it by non-professional persons. 

If, for instance, we take the case of a well-made broken 
stone road, cletm and di*y, and compare it with the same well- 
made road in a wet and muddy condition, we find that by 
Macneill's formula, page 29, a stage wagon weighing 1500 
pounds, iu order to carry a load of 1500 pounds at the rate of 
5 feet per second (about 3^ miles per hour), will require the 
constant exertion of a force of only 94J pounds upon the dry 
and clean road, while a force of 119J pounds will be required 
to move it at the same rate over the same road in a wet and 
muddy state. This increase of nearly 28 per cent in the force 
expended is due entirely to the fact that the road surface was 
not kept clean by sweeping of[ aud Yemo\\Tv^\Xi^ ^>\^V 
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Ilence if the amount of traflSc on a given length of 
the clean and dry road required the daily service of 54 
draught animals, their number would have to be increased 
to 69, to perform the same amount of service on the wet and 
muddy road. If the animals are driven singly there would 
be an addition of 15 drivers, and if in pairs one half that 
number. It would perhaps be fair to assume 5 pairs and 5 
Biugle horses, thus requiring 10 additional drivers on the 
inferior road. A yearly allowance of $235 for the purchase, 
feeding and care of each animal, and the purchase and keep- 
ing up of harness and vehicle, would probably be below the 
actual cost in those portions of the country provided, or which 
should be provided with metaled roads, amounting to $3,375 
per year for the 15 extra horses and the equipments. 

The hire and support of each driver may be set down at 
not less than $35 per month, or $4,200 per year for 10 
drivers. 

The aggregate amounts to the sum of $7,575 per year for 
extra cost of service upon a wet and muddy road, for the 
traffic of which 54 horses would suffice if the road were kept 
clean of dust, and consequently clear of mud. 

During those seasons of the year when the inferior road 
is covered with dust only, but not with mud, Macneill's 
formula shows a difference of not quite 16 per cent in the 
force required to conduct the service, against the dusty as 
compared with the clean and dry road, equivalent, on the 
same basis of calculation used above, to an extra cost of 
about $4,300 per year for the service of animals, vehicles 
and men. 

A draught animal, properly taxed, can accom\)lisk\x.^^^'i< 
fair road 20 miles per day. from daj x.o ^"a.^^V\>iN\^N>X»Nix:csi.^^^ 
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or excessive fatigue. If the road under discussion connects 
two towns 10 miles apart, one trip and return, carrying a 
load both ways, would be a day's task, the total amount of 
freight conveyed daily being the same whether the road be 
in good condition or otherwise. 

It would be carried by 54 round trips daily on the dry and 
clean road, less than 63 round trips on the dusty road, and 69 
trips during the seasons when the dust is converted into mud. 

A fair average during the year, of the extra cost of service 
on the inferior road (amounting to tlie rate of $4,300 per year 
while the road is dusty, and to 17,575 per year when it is wet 
and muddy) will, of course, vary within certain limits, with 
the varying character of the seasons — with the wind, rain, 
sun, and temperature — but may, it is believed, be mod- 
erately set down at $5,000. The traction upon a well-con- 
structed and well-kept metaled road, does not vary materi- 
ally with varying moisture upon its surface. 

We may therefore state the result of the foregoing dis- 
cussion as follows : If the traffic between two towns 
connected by a well-maintained metaled road 10 miles long 
requires the constant service of 54 draught animals, the extra 
cost of conducting the same traffic will amount to at least 
$5,000 per year if the road be allowed to become covered and 
to remain covered with dust. This greatly understates the 
inevitable results of neglect, inasmuch as it assumes that the 
inferior road differs from the other only in the accumula- 
tion of dust u])on its surface, while in point of fact it will 
soon wear into ruts and gutters which will convey the sur- 
face water into the road material, hastening the wear upon 
the surface, and greatly increasing the expense of haulage 
and the destruction of animals and yeVucV^a. 
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The foregoing comparison has not been made between 
one road in a superior condition, having a hard and smooth 
surface, and another in a state so bad that it might be char- 
acterized as heavy, soft and rough ;* but the same well-con- 
ditioned road-covering has been under consideration ; in one 
case kept clean, and in the other covered with dust or mud. 
A road of which the metal is in good condition generally, 
although covered with dust, is quite different from a rough, 
soft and heavy road, terms which imply that ruts, gullies, 
and inequalities of various kinds, all of which greatly in- 
crease the traction and the wear and tear upon animals and 
vehicles, have been allowed to form, and the dust and mud 
to accumulate upon the surface, a condition into which any 
good Macadamized road will degenerate in a very few 
years if neglected. If a road in this state be compared with 
one having a dry, hard and smooth surface, such as a well- 
maintained metaled road should possess, it will be found, 
whether the calculations are based upon the investigations 
of Sir John Macneill, or upon those of M. Morin, that an 
animal can draw about four times as much weight, vehicle 
included, over the good road, as he can over the bad one. 

If, therefore, a suitable load for 2 horses over the good 
n»ad be 4,000 pounds carried on a vehicle weighing 2,000 
pounds, — total 6,000 pounds — only 1,500 pounds could be 
drawn by 2 horses over the bad road, rendering it necessary 
to add a third horse to draw the vehicle alone. These 
results are obtained in about the same ratio at all rates of 
speed not faster than an ordinary trot, and with all kinds of 
vehicles — carts, trucks, stage-coaches, and carriages for light 
driving. 

If the traffic upon 10 miles ol ^ooSl to^ x<^^:t<i^ "vissA 
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constant employment of 50 horses and 25 drivers, at au 
aggregate annual cost of $21,750, (putting the cost and 
support of men and animals the same as before,) it would 
cost $87,000 per annum, to conduct the same amount of 
traffic upon the same length of road covered with deep ruts 
and thick mud, and it would, beyond question, be a wise 
policy to expend the whole excess of 155,250, chargeable to 
the bad road, in improving and maintaining this road in a 
superior condition of smoothness and hardness, were such 
a large expenditure necessary to secure that result ; for there 
would be saved thereby, not only this large amount, charge- 
able directly to extra men, animals, vehicles, etc., but money 
expenditures on other accounts not easy to estimate, to- 
gether with the sacrifice or injury of local interests upon 
which it is difficait to put a money value ; such as economy 
bf time due to greater speed , a longer endurance for ani- 
mals and vehicles ; the advantage of lighter and cheaper 
vehicles ; freedom from excessive dust and mud ; and the 
increase of population, and therefore of traffic, attracted by 
better facilities for business intercourse. 

Relation of Animal Force to Traffic on 

Different Roads. 

The cost of maintaining a road in good condition, undei 
a given traffic, falls greatly below the extra cost of conduct- 
mg the same traffic upon a bad road ; the ratio between the 
two depending on local prices of labor and material, the 
quality of the road materials at command, and other circum- 
stances not easily covered by a general rule. 

If we assume that the amount of traffic between the two 
towns already referred to, requirea ttie coii«»V«i.TL\. ^ftx\\a^ ^1 ^Q 
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horses with trucks weighing 2^ tons inchisive of load, upon 
a very dry and smooth broken stone road, then the additional 
horses required upon other kinds and conditions of roads, 
will be as shown in the following table, calculated from the 
results of M. Morin's experiments. The influence upon 
the force of draught exercised by the character of the vehicle, 
is omitted, as unnecessary in this discussion. 



Kind and Condition of Road. 


Relative num- 
ber of horses 
required to 
conduct a 
given traffic. 


Broken stone road, very dry and smooth 


50 horses. 

59 " 

71 " 

93 " 
112 " 
192 '* 

245 " 


Oaken platfonp, or plank road in good condition. . 

Broken stone road, moist and dusty 

Causeway of eartb, or dirt road in good condition. . 
Broken stone road, witli ruts and mud 


Broken stone road, with deep ruts and thick mud. 

Solid causeway of earth, covered with gravel IJ^ 

inches thick 





It may therefore be adopted as a well established principle, 
that in all communities where the amount of traffic is sufficient 
to justify the construction of a good road of any description, or 
any road that is good of its kind, it should be maintained in 
a high degree of excellence, as a simple measure of economy. 

Macadam Roads seldom -well kept up. 

It is rare indeed, that a Macadamized or a. ^*aj^^^'^'^>a^ 
kept up in the thorougli maniiei sJao^^ \tl^\c»J^^* ^^^^ ""^^^^^ 



116 UOADS, STREETS, AND PAVEMENTS. 

great nuijority of cases tlie mud and dust are allowed to 
remain upon tlie road for long periods, and are seldom 
entirely removed ; wheel ruts are allowed to form and 
enlarge, by reason of which not only is the resistance to 
draught, and the wear and tear of vehicles, greatly increased, 
but the surface drainage is destroyed to such extent that a 
large portion of the rain-fall collects in the depressions and 
finally percolates into the road covering ; the side ditches 
become so obstructed that, in wet weather, water stands in 
them in places to the depth of a foot or a foot and a half, and 
upwards. The result is that during the wet season the 
road covering being at its foundation only a few inches, if at 
all, above the level of the water in the side ditches, and re- 
ceiving by percolation from above a larger portion of the rain- 
jall, remains thoroughly soaked with water, which causes it 
to be soft and heavy. In this condition it yields readily to 
the wearing effects of traffic, loses its form on the surface, 
and soon becomes badly cut up with deep ruts and gullies. 

The work Qd repairing a road in the condition above 
described, will be substantially the same, whether due to 
defective construction, subsequent neglect, or to both these 
causes combined ; except where there was a failure to estab- 
lish the necessary sub-drainage at the outset, in localities 
requiring it, in which case the repairs may practically amount 
to a re-construction of the road, or nearly so. 

Assuming, therefore, that the road bed does not require 
to be disturbed, or, in other words, that it was suitably pro- 
vided with cross-drains when constructed, or else from the 
character of the soil did not require them, the repairs should 
be conducted in the manner described in the pages which 
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The Maintenance of Broken Stone (Macadam) 

Roads. 

The proper maintenance of a broken stone road consists 
in preserving the smoothness, hardness, and form of its sur- 
face, and thickness of covering, by a systematic restoration 
of the materials that are worn away by the traffic, and 
removed in the form of dust or mud. 

The wear of materials is not in direct proportion to the aver- 
age daily tonnage conveyed over the road, but increases much 
more rapidly than the tonnage, other conditions being the same. 

Two Methods of Maintenance. 

Upon the roads in France, which have been the subject 
of prolonged and careful observation by the officers of the 
Corps des Fonts et Chaussees, two methods of maintenance 
are practiced, viz : 

MrsL The method of minute daily repairs by which the 
road covering is preserved at a constant thickness ; applicable 
to roads of moderate traffic upon which the average daily 
tonnage does not exceed about 600 tons, upon a road cover- 
ing 18 to 20 feet wide. 

Second. The method of partial repairs, accompanied by 
periodical additions of material, by which the diminished 
thickness of road covering is restored at stated periods ; 
adapted to roads of great traffic upon which the daily tonnage 
exceeds 600 tons upon a road of the same width. 

These two systems will be described separately. 

Maintenance of Broken Stone Roads of 

Moderate Traffic. 

Tlie thorough maintenance oi ai «»\,oTi^T^^^'t*OK^~ "^^ 
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to such degree that extensive periodical repairs will not 
become necessary requires : 

1. That it should be kept clear of dust and therefore cleai 
of mud. 

2. That thorough drainage should be maintained. 

3. That minute repairs to the surface should be made 
systematically in small patches, as often as, and as soon as 
ruts or depressions begin to show themselves. 

Under this method, properly followed, the thickness of 
the road covering will be maintained without diminution 
• for an indefinite time. 

The mud and dust, or dirt, should be cleaned from the 
surface and deposited beyond the side ditches, so as to expose 
the road metal slightly to view, without laying it bare, or 
removing the binding material from ai'ound the stones at the 
surface. This may be done by men suitably provided with 
hees, stiff brooms set at right angles to the handles, shovels 
and wheelbarrows. 

The hoes should have blades of hard wood, as those of 
iron or steel, unless used with the greatest care, might 
loosen up some jiortions of the stone, and needlessly and 
injuriously roughen up the surface. The brooms may be of 
birch, willow or other suitable wood. 

The sweeping should not be so thorough as to remove the 
detritus, or binding material from around the stone slightly 
projecting above the general surface, so as to loosen them in 
their position, and endanger their being crushed separately 
piece by piece. 

Draught animals instinctively follow in the track of pre- 
ceding vehicles, the result being relatively excessive wear, and 
» tendency to form ruts along t\ia\.\.T*d.cV. T^^oti ^T^^Y^^^t 
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under wafcchful care this may easily be prevented in sweep- 
ing, by constantly effacing the wheel marks. 

Machine-scrai)ers and brooms of various kinds, drawn by 
horses, have been used for cleaning the road surface, with 
considerable saving in both time and expense. It is neces- 
sary to use tliem with great care, in order to avoid loosening 
the stones at the surface. 

Mr. Whitworth, of Manchester, invented a machine broom 
for sweeping up the mud and conveying it away. " It con- 
sists of a species of endless broom, passing around rollers 
attached to a mud cart, and so connected by cog wheels with 
the wheels of the cart that, when the latter is drawn for- 
ward, the broom is caused to revolve, and sweeps the mud 
from the surface of the road up an inclined plane into the 
cart." It is drawn by one horse and is said to clean the sur- 
face better, cheaper and more quickly, and with less injury 
to the road and less annoyance to passengers, than it can be 
done by machine-scrapers, or by hand labor. 

In the citv of New York, and other eastern cities, street 
sweepers of various devices have been employed, with greater 
or less saving of manual labor and expense. The one that 
has given the best satisfaction consists of a cylindrical brush 
or broom about IG inches in diameter and 7 feet long, at- 
tached beneath the axle and connected by suitable gearing 
with the wheels of a two- wheeled vehicle drawn by one horse. 
The axis of the broom is set horizontally at an angle of about 
4-0 degrees with the axle of the vehicle. The rear end of the 
broom is therefore about 4.V feet further from the horse than 
the front end. When working, the broom rests firmly on 
tlie surface of the pavement or road-covering and revolves \xv 
rt direction opposite to that oi tt\e ^V^^^» ^^^^->g«v%*<i^^ ^^2^^^ 
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and mud sidewise and leiiving it in a riAge behind the reai 
end of the broom, thus swciepiug a atrip about 5^ feet vide. 
A second sweeper, or a second trip of the same sweeper if 
only one is used, moves tho ridge of dirt 5^ feet further 
toward the side of the street and widens the part swept 
to about 11 feet. In this maimer the dirt is finally delivered 
in the side gutters, where it is heaped op by hand vith hoes, 




shoveled into carte and carried away. When at work the 

wheels and axle are rigidly connected, and revolve together. 
When not sweeping the broom is raised up a few inches from 
the ground and the axle Is disengaged from the wheels, when 
both broom and axle cease to revolve. 

TJi'S miichiue with 1 horse, \ dtifcr, and 10 m^n with 
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hoos, will do the work of 30 men with brooms and hoes, the 
shoveling into carts and carting away being of course the 
same in both cases. These data were obtained from an 
inspector of police engaged in the street-cleaning department 
in the city of New York, and are the results of prolonged 
and careful observation. A drawing of this sweeper is shown. 
Fig. 44. 

In using this machine upon a road, the precaution should 
be taken to see that the brush is not too stiff. What would 
be entirely suitable, and in all respects well adapted for 
sweeping street pavements of stone blocks, wood, or asphalt, 
might injure the surface of an ordinary broken stone or gravel 
road, by penetrating too deeply, thereby loosening the stones 
at the surface and destroying the bond. It is important 
that the unity of surface should not be disturbed. 

Applying the Ne-w Materials. 

The application of new materials to the road must be 
made not only with system and regularity, but under suita- 
ble precautions and restrictions, in order to combine effi- 
ciency and economy. Indeed the road should be always 
undergoing repair, in order that no necessity for making 
extensive repairs can occur. 

" Every road should be divided into lengths, on each of 
which an intelligent laborer, who thoroughly understands 
his business, should be placed, to attend constantly and at 
all times to the proper state of the road, and for which he 
sliould be responsible. His office would consist in keeping 
the road always scraped clean and free from mud, in filliiii^ 
in any nits or hollows the moment they appeared^ ^Vvkv 
broken stone, which should "b^ te^\i m ^'s^^Hsa. ^"^ ^<^Rfc^5^^^ 
6 
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formed on tlie sides of the road, iiiid one of which should be 
provided in each (juarter of a mile. Those dep6ts should be 
capable of containing about 30 cubic yards of materials, and 
are best when the sides are formed with walls, so that the 
quantity of materials in them can be easily ascertained'* 
(H. Law, C. E.). 

Each of these men should be provided with a wheel-bar- 
row, a shovel, a pickaxe, a scraper, a stiflE broom and a 
rammer. 

Upon roads that have lost their proper transverse form, 
a level of a length adapted to the width of the roadway, 
should also be provided. 

During the autumn and spring, when the surface is 
Boft and more work is necessarv, additional men should be 
placed under the orders of the permanent laborers, but not 
in such manner as to divide the responsibility of the latter 
for the good condition of the road at all times. 

The length of road to be given in charge of one man 
depends on circumstances varying greatly with the width of 
roadway, the character of the soil, quality of material used 
in repairs, etc. Three miles a man would not be too great 
a length upon some narrow country roads, one mile would 
be a full allowance upon others, while upon the great 
thoroughfares near large towns, a small fraction of a mile 
would be ample. 

In France it has been found that one man can sweep in 
dry weather from 260 to 270 lineal yards of road, 5 to 6 yards 
wide, daily, if in a middling state, and twice that area if in 
an excellent stulo. If he had one and a half miles of road in 
charge, it could 1)0 swept from one to two times per month, 
^cording to its condition, which would be cyiite suflBcieut il3 
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most cases, thus leaving from 20 to 25 days in each month 
for other work, such as collecting and hreaking stone, con- 
veying it in wheel-barrows, to the road, spreading and com- 
pacting it, and keeping the gutters and side ditches free. 

A machine-sweeper, if employed, could be used in com- 
mon upon several of the sub-divisions of the road. As it 
would not tlioroiighly clean out the ruts and depressions, 
especially if these be of considerable depth, its work would, 
to some extent, have to be supplemented by hand sweeping. 

The wear upon the surface of a well built road is slow, 
ttud so long as the vehicles can be prevented from fol- 
lowing in each other's tracks, very even, a condition of 
things which can only be maintained by careful watching. 
A slight and apparently unimportant depression, if neglected. 
Boon becomes a rut, in which the wear goes on with an in- 
creasing rapidity due to the increasing force of the blowa 
imparted to it as it becomes deeper and deeper. 

The new material should be added little by little, from 
time to time in the depressions and deficient places, and it 
Bhould be broken fine, in comparison with that used in the 
original construction, containing all sizes and shapes upon to 
the largest, which ought not to exceed one inch and a half 
in longest diameter. 

This method is strictly one of patching, and it should be 
done so constantly, that the small patches of broken stone 
will never exceed one to two inches in thickness, preferably 
not more than the thickness of one stone. If done when the 
load is firm and dry, the surface of the depressions to be 
tilled should be loosened slightly with a light pick, to the 
depth of half an inch, so that the layer of new material ma^j 
V)romptly become united with tVie o\^\o^^^ ^w^^wssa ^"vi^v: 
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This system of maintenance for roads of moderate traffic 
Beems open to the objection of being unnecessarily expensive, 
but observation and experience have fully demonstrated that 
such is not the c*ase, and that the " stitch in time '* policy 
:il)i)lies liere with peculiar and significant force. It is not 
only va>ftly cheaper to maintain such a highway in good con- 
dition, for a given traffic adapted to it, than to pay the extra 
expense of conducting the same traffic on a bad road, but it 
is also vastly cheaper to keep the road in excellent order than 
it is to restore it to that state after a period of injurious 
neglect, during which it has become filled with deep ruts, and 
thickly covered with dust and mud. 

A capital distinction must be made between the method 
here mculcated, which involves a constant and unceasing 
daily and hourly care of a road, in order to arrest every in- 
cipient tendency to deterioration upon its surface, and any 
and every other method whatever, whether by frequent 
repairs ; or only occasional repairs ; or by repairs at long 
intervals. The first only embraces the true principle, that of 
prevention. All the others are cures. 

The French engineers of the Corps des Fonts et ChaussSes 
were the first to give anything approaching to an exhaustive 
practical study to this question. It was found that in pro- 
portion as the intervals between the periods of repairs were 
shortened upon roads of small traffic, two important and 
valuable results invariably followed, viz., that the annual ex- 
})ense was lessened ; and that the roads were always in better 
condition ; and finally that the roads were never so good, nor 
the expense of maintenance so small, as when the system 
of unremitting and minute attention was in full opera- 
tion. 
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Among the statistics bearing upon and elucidating this 
branch of the subject, room is here made for the following 
extract : 

" The following took place with respect to the high roads 
of the Department de la Sarthe, somewhat less than 250 
miles in extent. 

In 1793 a demand was made to put them in com- p^^ ^,^ 

plete order for £15,280, or . . .£60 

In 1824 the demand was above 9,000, or 36 

In 1836 the demand was above 7,760, or. . . . 31 

In 1839 the demand was above 6,640, or. . . . 26 

And the roads have become better concurrently with the 
reduction in cost of maintenance, from being in 1793 in 
deep ruts, to 1839, when they were in very good order. 

Part of the great road between Lyons and Toulouse, till 
1833, was in a dreadful state, and yet it had cost habitually 
about £110 per annum per English mile for maintenance, 
when Mr. Berthault Ducreux introduced a system of patch- 
ing instead of general repairs, since when, the road was 
gradually improved, till it was in a very good state, and the 
annual expense reduced,by £13 or £14 per mile " (Gen. Sir 
John F. Burgoyne, Bart). During the period from 1833 
to 1845 the traffic on this road never reached an average 
daily tonnage of 600 tons. From 1845 to 1852 it increased 
to over 900 tons ; in 1856 it had reached 2500 tons with a 
steady increase still going on until it touched 2800 tons, 
when, upon the opening of a parallel railroad from Saint 
Etienne to Firminy, it fell off to about 2000 tons, which i 
maintained up to the last publislied reports in 1865. It wacs 
not therefore until 1845 and subsequent thereto, that tha 
iimount of traffic on this road was.s.u^mcY^'O^^ ^^.^\»<^^^^^^^ 
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a change in the method of maintenance either necessary oi 
expedient. This road will he further discussed when treat- 
ing on the method of maintenance by periodical reconstruc- 
tion with intermediate repairs. 

In another case, that of the road from Tours to Caen it 
was reported in May 1836 to be in such bad condition as to 
require the expenditure of £2,000 on the entire line, to pre- 
vent the danger of its becoming impassable. It had been 
the subject of occasional repairs from 1832 to 1836, both 
included, at an annual cost of £978 for material and labor. 

In January, 1837, M. L. Dumas of the Corps des Fonts 
et Chaussees was placed in charge of it, when in its worst 
condition. It was afterwards kept up by the method of con- 
stant and minute repairs. In August, 1838, it was reported, 
upon inspection, to be in a very good state, and it subse- 
quently became better from year to year, at an average 
annual cost, from 1837 to 1841, a period of five years, of £820 
for labor and material. 

In 1834 the mail coach required five horses to draw it, 
and the service was so severe upon them that eleven died 
from over-work during that year. After 1838 only two 
horses were necessary to draw the coach, which they did 
without loss of animals or over-fatigue. Omitting all con- 
sideration of the cruel destruction of animal life inflicted by 
the bad road, there was in this case a saving, under the new 
and proper system of maintenance, of about 12 per cent per 
annum in the expense of labor and material put upon the 
road, and 250 per cent per annum in the amount of annual 
power required, for a specified item of traffic. 
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Maintenance of Broken Stone Roads of large 

Traffic. 

Experience upon the French roads seems to indicate that 
when the amount of traffic exceeds 600 tons per day over a 
road of 10 to 18 feet width of metal, the method of mainte- 
nance above described, by minute daily repairs, is not the 
most economical. 

The wear of material is not in direct ratio to the ton- 
nage passing over it. Other conditions remaining the same, 
it augments much more rapidly than the tonnage. 

It is believed that for roads of great traffic the method of 
maintenance by periodical reconstruction, accompanied by 
partial repairs or patching during the intervals, offers supe- 
rior advantages in respect to cost of labor and interference 
with traffic, to the method by biinute and constant re- 
pairs. 

This method consists in allowing the broken stone cover- 
ing to wear down gradually and — so far as its wear can be 
controlled — evenly, limiting the work upon it to the preser- 
vation of its unity of surface, by filling in holes, depressions, 
and incipient ruts, with small quantities of stone, not rising 
above the general surface, and therefore not intended to 
restore that surface to its original height. The surface of 
the road is therefore constantly kept in good condition, and 
its resistance to draught at a minimum. 

When the road covering, however, has been worn down 
to a thickness of 4 or 5 inches, a thorough repair to the ex- 
tent of a restoration of the original thickness is made. 

Experience has shown that the period of this general 
repair should not be deferred be^oudi ^ e.e^\s^\xj^ ^^^fiN>^'iss5Si. 
6* 
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that re-fillings of 3 to 4 inches in thickness are preferable 
to heavier ones. 

The new layer, after being carefully spread to the required 
thickness, should be compacted with heavy rollers. 

The season of least traffic is selected for this work, and, 
in order to lessen the interference with travel, the road-way 
may be covered and rolled upon only one-half its width at a 
time, and the rolling may be done at night. 

This method has the advantage of providing a road sur- 
face whicli remains in a compact and regular shape for a 
long time after each periodical rolling is completed, during 
which only occasional and insignificant repairs are needed. 

Some practical precautions, however, should be ob- 
served, vifc. : 

1. The re-laying and rolling should, if possible, be done 
m wet weathei:. If dry weather cannot be avoided, the 
road should be sprinkled rather copiously, so that the new 
material will unite readily with the old. A light picking 
up of the old crust will help materially to effect this union. 

2. The new material after being carefully spread, should 
be repeatedly sprinkled and rolled until the stones are well 
pressed together into a compact layer, with an even and 
smooth surface. Then a layer of sand, or stone dust, or 
detritus, not exceeding half an inch in thickness, is spread 
over the top, lightly sprinkled with water and again rolled, 
in order to force it well into the voids of the new material. 
It is important not to put too much sand on at once. A 
repetition of thin layers is better than an excess in the first 
instance. 

3. The wear of a road is represented by the decrease in 
J^iie thickness of the stone crust, and tke only reliable means 
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of finding this out correctly is to take occasional soundings 
to ascertain not only the thickness, but the composition 
of the road covering, with respect to solid material and 
detritus. 

It has become customary to express the wear of a road 
in functions of its tonnage rather than of the number of col- 
lars, for the evident reason that a collar may represent only 
half a ton upon some roads and more than a ton upon others. 
But even the tonnage is not entirely reliable as a basis of 
comparison, and much depends on the kind of material used 
for the road covering. 

The following table gives some of the results obtained 
on the roads in the Department of the Loire, France, from 
1857 to 1860, as reported in 1865, by M. Graeff, engineer- 
m-chief des Fonts et Chaussees. The road covering was 
schist, and about 21 feet in width. 



Length 
of road. 


Mode of Maintenance. 


Daily 
Tonnage. 


Annual 

wear in 

cubic yards. 


1 mile. 


Periodical reconstruction 




1400 
1400 
1800 
1800 
2300 
3200 
5400 


579 
727 
1860 
2104 
2794 
4635 
9934 


Minute and constant repairs. 
Periodical reconstruction .... 






Minute and constant repairs. 
Periodical reconstruction 




Minute and constant repairs. . 
i( {( << 

• • 





Some of the roads in the arrondissement of St. Etienne^ 
built with b^B^lts, furuishei tVie to\\om\\^^^\.^\ 
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Length 
of road. 


Mode of Maintenance 


Daily 
Tonnage. 


Annual 

wear in 

cnbic yards. 


1 mile. 
1 " 
1 •• 


Periodical reconstruction 

Minute and constant repairs 


1200 
2000 
2000 


175 
372 
480 



The foregoing tables show (1) that the destruction of 
road material increases much more rajiidly than the tonnage ; 
(2) that the tough basalts are much more valuable for road 
coverings than soft schist ; and (3) that for roads of large 
traffic the system of maintenance by periodical reconstruction, 
accompanied by such intermediate repairs, more or less con- 
stantly, as will secure hardness and smoothness of surface, 
and uniformly diminishing thickness, is superior to the one 
of minute and constant repairs exclusively. Indeed, it is 
now generally admitted in France, that this last named sys- 
tem is not advantageously applicable to roads upon which 
the daily tonnage exceeds 600 tons. 

Curves of Tonnage and Wear. 

The French engineers are very careful and methodical in 
collecting data, and arranging them in convenient form for 
practical use. Having ascertained by careful and systematic 
observation, the average daily tonnage, and the annual wear 
of materials upon different ])ortions of a road of given width, 
or upon different roads, curves may be constructed with the 
average daily tonnage abscisses, and the quantity of material 
worn out annually upon any unit of length — say 1 mile — as 
Qrdmates, A separate curve for cacU kiud of road materia) 
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employed should be made, as shown in the diagram Fig. 45, 
which exhibits the results obtained on certain routes in tlio 
Department of the Loire, France, already referred to. The 
wear of four different kinds of stone was observeil, viz., Schist, 
Quartz, Granite and Basalt. The width of the road cover- 
ing was 21 feet. The lower horizontal line gives the average 
daily tonnage for different years, or upon different portions 
of the road for the same year, all measured from the zero 
point on the left. The left hand vertical line shows the 
yearly wear of road material in cubic yards per mile of road. 
The curve for schist was obtained by M. Graeff, who states 
that the deviation of the points D and E from the general 
curve may be ascribed to the mass of detritus brought upon 
the road by the exceptional traflQc caused by the caving in of 
a neighboring tunnel on the St. Etienne and -Lyons railroad. 
If the wear upon the road was proportional to the amount 
of traffic, the law would be expressed by straight lines 
instead of curves. The line for schist would pass through 
the points and A, intersecting the ordinate corresponding 
to a daily tonnage of 5400 tons, at the point M, indicating 
an annual wear of only 2097 cubic yards, whereas the actual 
observed wear for that amount of tonnage was 9934 cubic 
yards. The observations on the wear of Quartz, Granite and 
Basalt were made by M. Montgolfier, and although not so 
numerous as might be desired, being limited to a daily traffic 
of 1800 tons for granite and quartz and 2000 tons for basalt, 
they still give an idea of the relative value of these materials 
for road covering. The ordinates of these three curves cor- 
responding to the abscissa of 5400 tons daily traffic, were 
obtained by calculation, on the assumption that the ordinates 
of the several curves for any one ^\)SQ\ssa\i^^x Wx^ 'eass^fcx^Js. 
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kion to each other as for any other abscissa. The following 
proportion gives the point K on the basalt curve. 

480 : 1986 : : PK : 9934 
PK=2405 cubic yards. 
Besides the important deduction that no road can be 
maintained on the hypothesis that the wear is proportional 
to the tonnage passing over it, the diagram also shows that 
the necessity for employing only the best material, even when 
quite expensive, increases rapidly with the tonnage. 

Apportionment of Materials. 

The apportionment of repairing materials, under the 
method of maintenance by periodical reconstruction, may be 
expressed by the formula nxO=A+nxE, in which n=the 
number of years intervening between the periods of recon- 
struction or rolling. 

C=the number of cubic yards of wear per year, per 
mile. 

E=the mean number of cubic yards, per year, per mile, 
for small repairs. 

A= the mean number of cubic yards required for rolling. 
and A become known for each road by careful observa- 
tion for a sufficient length of time. E varies from year to 
year during a period of n years, being smallest in the year 
mmediately succeeding a re-rolling, and largest in the year 
preceding the next rolling. In practice E will never exceed 
i 0, but will increase from zero to ^ in n years, with a 
mean average value of J 0, from which there results the 

4 A 
practical rule of n= ^ 77. 

It maj be assumed that of tlie w\io\e cjjoiasiJcsfe^ ^Atsl^^tns^ 
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required for one period, by this system of maintenance, 25 
per cent will be consumed in small repairs, and 75 per cent 
in one mass for re-rolling, and that the period lasts 2 years. 
It is the opinion of M. Graeff that upon roads of large 
traffic this system of maintenance, as compared with the one 
of constant repairs, effects a saving of material that may, in 
some cases, amount to 40 per cent ; and that during a period 
of three and a half years, upon certain observed roads in the 
Department of the Loire, the saving of labor was 10 per cent. 

Maintenance of Gravel Roads. 

The maintenance and repairs of road-coverings composed 
of gravel, or of a mixture of gravel and broken stone, may 
be conducted upon the same principles, and by the same 
methods applicable to those of broken stone. 



CHAPTER V. 

STREETS AND STREET PAVEMENTS. 

A STREET, in a city or town where the best ordered modem 
deyices for promoting the comfort, convenience and health 
of the inhabitants have been introduced, should provide, 
upon and beneath its surface, (1) for the a,ccommodation of 
ordinary travel and traffic, (2) for the drainage of the surface 
and subsoil, (3) for conveying away the faecal and liquid 
refuse called sewage, and (4) for conducting water and gas 
to the inhabitants. 

The subject of providing facilities for carrying on the 
necessary travel and traffic of a street, by suitably draining 
and paving its surface, is properly embraced in the design 
and scope of this work. A few brief suggestions with regard 
to sewerage and sub-drainage will not be out of place, before 
proceeding to a description of street pavements. 

The importance of sewers in their relation to the health 
of a people cannot well be overstated. Those of ancient 
times were generally designed to receive and convey away 
both the faecal refuse and surface water, and those of some 
of the best sewered cities of the present day have been 
planned and constructed with the same objects in view. 
The early sewers of England carried off the surface drainage 
only, the faecal matter being generally collected in cess-pools 
located beneath or very near the habitations of the -^q^^^a^ 
until the year 1847, when it waa maOi^ o\Jv\^^Wt^ H.^^^ass^"^ 
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into the sowers. In districts where the sewage is used foi 
enriching the land, the question of its separation from the 
rain-fall may be an important one. On the other hand the 
surface drainage of streets that are closely built up, or where 
the traffic is heavy, is quite as impure, in time of moderate, 
or during the first stages of heavy rain-fall, as any sewage, 
and it miglit be unwise to allow all of it to flow directly into 
the fresh water courses of the neighborhood, in localities 
where the purity of those streams could be pi*eserved by 
passing it into the sewers. In some cases the sewers fcike 
only the moderate rain-falls, the i*ain-fall pipes being so 
arranged that when their contents attain a certain velocity, 
the sower ceases to intercept it in whole or in part Cir- 
cumstances of a local character, will control the plan and 
details of a system of sewerage, to such degree, that no uni- 
versal rules for the guidance of the engineer can be laid down, 
although thoiv are some general principles applicable to 
every Uxnility. Even when the question of the manurial 
value of the sewage is to be considered, it will not always be 
judicious •• to convey the rain-fall to the rivers and the sew- 
age to the land,-' which is advocated by some Simitary writers 
as an unoxooptionablo rule. 

Inasniuoh a$ sowers an? or should be water tight, as 
otherwise the contamination of the surrounding soil, and 
ivns<\|uontly of the atnu^sphoro, by leakage, would be the 
certain result, thoy in no sense, whor* prv^ixrly ov^nstroeted, act 
a;? drains, by Iv^woring the sulvsoii wa:or-lovol. In well paved 
streets vorvli::'o of iho nrlr.-fa'l is a^^^^rlvd into the soil, 
bn; finds its wny into the s^^wor, or v^:hcr channels provided 
/or iu SkZic. wore it nv^: for the ur.ivivcd areas, iBcloding back. 
putif Mad aiumjpn>T«d lois, vh« i^x^e^csi ol ^tvmoDq^tte «ilt 



*\. 



DttAtlTAGE 6t StTB-SOIti. ISS 

in built-up streets would not, perhaps, possess great impor- 
tance, especially if the soil be of a sandy or gravelly character. 

It has been shown in Great Britain, from carefully pre- 
pared statistics, tliat the death rate from j^ulmonary diseases 
was reduced 50 per cent by sewering certain towns in such 
manner as to lower the subsoil water by drainage, while 
in other towns sewered with impervious pipes through- 
out, with no provision for drainage, there was no decrease 
in the death rate from consumption. Some provision for 
subterranean drainage should therefore be made without 
using the sewers for that purpose, although the laying of 
sewers alone, by cutting through the various impervious 
strata, invariably results in the drainage of the surrounding 
earth to a greater or less degree. 

It is easy, when constructing the sewers, to arrange an 
effective system of subsoil drainage, generally at a moderate 
cost. There are several ways of doing this, among which 
the following may be mentioned : 

First The method by perforated inverts, gives when 
the invert blocks are laid, a series of continuous channels in 
the lower portion of the sewer. The joints between the 
invert blocks are left open on the sides and bottom, but are 
closely filled and pointed with mortar between the sewer and 
the longitudinal channels, to prevent the escape of sewage 
into the latter. 

Second, Make the foundation of the sewer itself serve 
the purpose of a blind drain, by forming it of well com- 
pacted broken stone of various sizes. Between the broken 
stone and the earth on either side, a vertical layer of straw, 
hay, or fine brush may be placed, to prevent t\v^ ^<:?»K!cci%^V 
the drain with soil. 
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Third. ]\rakc Ji blind drain on cacli side of the sewer^ 
by tilling in ^vitli broken stone or a mixture of stone and 
coarse gravel, instead of ordinary soil. 

Fourth. An ordinary drain of brick like any of those 
shown on page 5G, or a tile drain, on each side of the 
sewer foundation will answer as well as any other, and can 
easily be laid at less cost than a blind drain of stone. 
AVhatever method be adopted, it should be such as will secure 
a thorough drainage of the soil to the level of the floor of 
adjoining cellars. The areas in rear of the houses may be 
drained by either tile, brick, or blind drains, connected by a 
single pipe with the house drain, and thence with the sewer. 
As the arrangement of these drains, their relation to the soil 
pipes, and the location and design of the necessary traps 
and ventilating shafts, to prevent the escape of sewage gases 
into the houses, belong to the province of the sanitary engi- 
neer, no further reference to them need be made here. 
The treatment of the street surface will next be considered. 

Street Pavements. 

It is desirable, for several reasons, that the surfaces of 
streets through large towns and cities should be paved. , 

The essential requisites of a good street pavement are, 
that it shall be smooth and hard in order to promote easy 
draft ; that it shall give a firm and secure foothold for 
animals, and not become polished and slippery from use; 
that it shall be as noiseless and as free from mud and dust 
as possible ; and that it shall be easily cleansed, and shall 
not absorb and retain the surface liquids, but facilitate their 
j)j-ompt discharge into the side gutter catch-basins. It 
should also he of such material and coTis\.Tu^\Aavi^ t\\at it 
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can be readily taken up in places, and quickly and firmly 
relaid, so as to give easy access to water and gas pipes. 
Facility of repairs at all seasons of the year is another impor- 
tant requisite. Economy of maintenance and repair require 
that the material at the surface shall be durable. 

All the road coverings heretofore described are wanting 
in one or more of the most important of these qualities, while 
they possess beyond doubt, some of those that are least essen- 
tial, in even a greater degree than the best street cover- 
ings. 

Eoad surfaces of broken stone or gravel, produce less 
noise, and give a more secure footing for horses than blocks 
of stone or wood, or a continuous surface of asphalt or other 
material, but they require such constant supervision to arrest 
the formation of ruts, and are so infested with either dust 
or mud, as to render them greatly inferior to a good stone or 
asphalt pavement for streets subjected to heavy traffic. An 
exception may perhaps be made in their favor upon sub- 
urban streets so extensively devoted to light travel or pleas- 
ure driving, as to justify the expense of frequent sprinkling 
by day and sweeping by night. These kinds of road 
coverings are also conceded to be excellent for the drives 
in public parks, and there are cases where the principal 
thoroughfare leading thereto should be constructed after 
the same method, and maintained with the same care, as the 
park drives, especially if the bulk of the travel and traffic 
over it be of a light character. They should be swept every 
night, and in dry weather sprinkled repeatedly during the 
day. Carts conveying the materials for repairs, whether ' 
gravel or broken stone, should be kept constantly \v^<^\jv\iw^ 
street, especially during those \iOAxia ^\i«vi \\. \^ X'^^^ ^^- 
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Uncjiteil, so that all ruts and depressions may be promptljf 
I'iIUhI as soon as they begin to appear. 

It must be admitted, however, that there appears to bo 
no trustworthy record of any urban street of this kind, 
in a thickly settled district, which has been maintained in 
such manner, that the inconvenience and annoyance inflicted 
by dust and mud upon tlie residents or peoi)le doing business 
on either side, did not in reality amount to a most serious 
public nuisance. 

Pavement Foundations. 

The object of a pavement being to secure a hard, even 
and durable surface, and not to any considerable extent, nor 
necessarily, to support the weight of heavy loads, it is evident 
that the surface will soon subside unequally, forming ruts 
and depressions, unless it rests upon a firm and solid founda- 
tion. A good foundation is as necessary for the stability of 
a pavement as for that of any other construction. 

Bad foundations invariably produce ,bad pavements 
sooner or later, while with a good foundation the quality of 
the surface upon which the wear takes place, depends upon 
the material used for paving, and the manner of laying it 
down. 

Among the suitable foundations for a pavement, provided 
the thickness be adapted to the character of the subsoil and 
tlie nature of the trajBBc, are the following : (1) Hydraulic 
concrete, six to eight inches in thickness ; (2) rubble stones 
set on edge, but not in contact, with the interstices filled in 
with concrete ; (3) rubble stones set in contact, on edge, like 
tho sub-pavement of a Telford road ; (4) cobbli^ stones firmly 
Bet in a form of sand or gravel *, {^) ^mall nibble stones 
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of random sizes, in a well-compacted layer ; or (6) a layer 
of broken stone laid in the manner of a Macadamized 
road. 

Sand foundations are in most common use. They are 
described beloWj in the paragraphs on cobblestone pavements. 

Foundation of Broken Stone. 

Broken stone foundations are prepared in all essential 
respects like a Macadamized road. They should generally 
be not less than 8 to 10 inches thick, or the usual thickness 
of a good road covering of broken stone. If the soil be of a 
yielding, soft nature like most clays, there should be a sub- 
foundation of sand or gravel, suitably rammed in layers, for 
the broken stone to rest upon. After the first layer of stone 
is spread upon the excavated road-bed or upon the sand form, 
the street may be opened to traffic, or, to hasten the opera- 
tion of consolidation, rollers may be used upon it. A second 
and a third layer follow. In spreading the last layer, the 
required form of transverse section of the road surface is 
carefully established. The foundation is finished with a 
layer two to three inches thick of clean gravel, and the 
pavement is laid thereon, as hereinafter described. 

Foundation of Cobble Stones. 

The cobble stone pavement set in a sand form, of which a 
description is given below, although furnishing a very inferior 
street surface for the reasons therein given, forms a good foun- 
dation for a pavement of stone blocks, and has frequently been 
nlilized as such in the reconstruction of old cobble stone roads. 

In setting the cobble stones less care would be necessary 
in. their selection with a view to Y^sycvw^ \Xvc>^^ <^\ ^Osx^ '^'sssss^ 
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size together, tliau if tliey were themselves to form the road 
surface and sustain the traffic. 

The Cobble Stone Pavement. 

Tlie cobble stone pavement is the one in most geneiul 
use in the United States, especially in new towns and cities, 
though entirely wanting in most of the essential requisite's 
of a good street surface. It is formed of rounded or egg- 
shaped hard pebbles, varying in length from 6 to 10 inches, 
and in width from 3 to 6 inches. They are set side by side, 
in close contact with each other, with their smallest ends 
down, in a bed or form of clean damp sand or small gravel, 
previously compacted in layers upon the natural soil. 

This sand foundation should be from 8 to 10 inches in 
depth, depending on the nature of the sub-soil. Before 
forming it, the road bed, after it has been excavated to the 
proper depth, is thoroughly consolidated by ramming or roll- 
ing. The sand should be compacted while in a moist state. 

The cobble stones, after being set in position, are firmly 
settled to their beds by a heavy rammer, so as to bring their 
tops to the required roadway surface. Several rammings 
are sometimes necessary to secure their even adjustment. It 
is usual to give the required convexity to the surface — about 
1 in 40 to 45 from the centre to the side gutters — by placing 
the largest stones in the middle, and suitably graduating the 
sizes toward the sides. 

After the pavement is laid a layer of sand or fine gravel, 
two or three inches thick, is spread upon the surface and 
allowed to work its way in between the stones. 

The defects of this kind of pavement are that its resist- 
$UC0 to tvsifiiion 18 great, wliile Vt la ivoia^ , icow^^ ^w^ diei- 
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cult to clean. The stones are liable to be pressed down 
unequally into the sand foundation, resulting in ruts and 
depressions which necessitate frequent repairs. It is severe 
upon vehicles and animals, and very unpleasant to travel 
over. 

In laying cobble stone pavements in the city of New 
York, the usual requirements are that " The paving stones 
must be heavv and hard, and not less than six inches in 
depth, nor more than ten inches in any direction. Stones 
of similar size are to be placed together. They are to be 
bedded endwise in good clean gravel, twelve inches in depth. 
They shall all be set perpendicularly, and closely paved on 
their ends, and not be set on their sides or edges in any 
cases whaticver.^'' 

Sand is unsuitable for a foundation, except when in a 
confined position where it cannot spread or escape laterally, 
as is usually the case when compacted in the excavated road 
bed. It should be clean, and if mixed with gravel, screened 
from all grains exceeding one-fifth of an inch in diameter, 
and compacted in the foundation while moist, by ramming 
or rolling it in layers not exceeding four inches in thickness. 
When all these conditions are imposed it forms a cheap and 
tolerably good foundation for a pavement. 

Sand from the sea shore, or beach sand, from which all 
earthy matter has been washed, cannot be thoroughly com- 
pacted by ramming, on account of the entire absence of co- 
hesion among the grains, which causes it to slide from under 
and loosen up around the rammer at each blow. Sand of 
this quality should be consolidated by rolling, or if rolloi \s 
cannot be had, clayey or earthy matter should be mixed with 
*t in such proportions as experience \\i e^vioXi ^"ivsj<i \Ci^^^ 'SiNX'^^^^* 
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Old Roads as Foundations. 

An old road, whether it be paved, Mscadamizod oi 
graveled, will generally be found to ftirnish a good founda- 
tion for a new pavement, cure being taken to bring ita sur- 
fjice to an even state, and to the i-equired form, by remoTing 
all large elevations and depressions. If the old covering be 
cobble stones, the interstices at tlie surface should be cleaned 
out and then filled with clean suad or small gravel, well 
compacted, or, better still, witli hydraulic mortar, or «ith 
concrete of which the ballast confciins no fragments or gravel 
exceeding half an inch in largest diametci'. 

Rubble Stone Pavement. 

The rubble stone pavement {Fig. 46), resembling the 
Bn dpt fm i p I m f med 
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The dimensions may vary from 3 to 6 inches iu breadth and 

C to 13 inclies in length, while tlio depth, to prevent their 

tilting up, should not be less tlian 5. or 6 inches. They 

are laid like cobble stones, in a form of sand or gravel, each 

fife>j}D heiw^ caivfully adjusted to its place, so tliut wheu jt 
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has been properly rammed its top face will coincide with 
the required surface of the pavement. Continaous joints in 
tlie direction of tlie draught should be avoided, in order to 
guard against tlie tendency to wear into ruts. To this end 
the long stones should not be set with their largest dimen- 
sions parallel to the sidewalks. 

A rubble stone pavement laid in the manner above indi- 
cated, forms a good foundation for a pavement of stone 
blocks, and they may be laid upon a layer of sand or gravel 
about one inch thick, or in a bed of cement mortar, preferably 
the latter, although attended with some extra expense. 

Concrete Foundationals 

Foundations of concrete, for street pavements, may be laid 
by the same method, and the concrete should be made after 
the same formula already laid down for roads, except that 
they should generally be somewhat thicker, to enable them to 
withstiind the heavy traffic which passes over them in most 
cities and large towns. Upon firm and nearly incompress- 
ible soils, a thickness of 6 to 7 inches properly rammed in 
one or two layers, will ordinarily suffice, but in soils of a 
spongy, elastic nature, or largely composed of clay, a thick- 
ness of 8 to 9, or even 10 inches, will not bo excessive. 
Though the most costly, it is the best street foundation, all 
things considered, tliat lias yet been devised. In a few weeks 
after laying it becomes a strong, solid nionolitl), and even if 
it should crack in many places, in consequence of the great 
and varying loads upon it, or from unccjual powers of resist- 
ance, and therefore unequal subsidence of tlio underlying 
soil, its superiority to any oilier kind of hottonnng can 
scarcely be doubted. l*erhaps uot U\^ VvivvA. vi>\ Sxa. \ss»ix'^ 
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advaDtagos is the protection it affords against frost in liigh 
latitudes, subjected to long continued cold weather, such as 
prevailed in the northern portions of the United States, 
and in the Canadas during the Avinter of 1874-5. It was 
then observed that in Broadway, New York city, where the 
stone-block pavement rests upon a concrete foundation, the 
water and gas pipes were almost entirely exempt from injury 
by frost, while in the side streets, and notably in Fifth Avenue, 
which is covered with the Belgian blocks set in a sand foun- 
dation, the pavement had to be taken up to such an extent, 
and in such numerous places, as to cause serious annoyance 
to the traffic, to say nothing of the expense incurred in 
repairs, and the permanent injury to the street. It is im- 
possible to take up a pavement in places, and relay it in the 
same condition in which it was found. 

Rubble Stone Foundations. 

Rubble stone foundations for street pavements are con- 
structed in essentially the same manner as for roads. Their 
thickness, however, should rarely he less than 8 to 10 inches, 
and they should not be resorted to, if the road bed is com- 
posed of easily compressible, or spongy soil, in which the 
stones comprising the lower layer would fail to find a firm 
and stable bed. 

After the stones have been laid down to the required 
thickness, the surface should be made as even as possible, by 
breaking the stones of the top layer into small fragments, so 
as to fill on the surface interstices. For this work the loRor 

o 

handled hammer described on pai^c 73, will be found to 
answer very well. There should then be spread on the sur- 
£ace a layer, 2 or 3 inches in thickness, of binding materialj 
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such as the detritus of the stone yards, or a mixture of clay, 
sand and gravel, or ordinary hard pan, or unscreened 
gravel. 

The road may then be tlirown open to traffic, or compacted 
by rollers, Jhe ruts and depressions being constantly raked . 
in. When the surface has become hard, smooth and even, 
a layer of about 2 inches in thickness of clear gravel is evenly 
spread thereon to receive the paving blocks. The top surface 
should be adjusted parallel to that of the finished street. 

This foundation, therefore, is nothing more than a sub- 
stantial road covering, consisting of a rather deep bottoming 
of rubble stone, surmounted with a thin surface finish of 
Macadam stone and binding material. 

Foundations of Rubble Stone and Concrete. 

Pavement foundations of rubble stone, filled in with 
cement-concrete, formed after the general directions given 
on page 105, doubtless rank next to those of cement-concrete 
alone, in firmness and durability. Their tliickness may vary 
from 6 to 8 inches, if the road bed be mostly clay of a yield- 
ing character, or if it be elastic or spongy. 

In order to economize in the cost of the concrete filling, 
care should be taken when laying down the rubble stones, to 
adjust their upper edges somewhat evenly, so as generally to 
bring them into a surface parallel to that of the finished street. 

Sidevralks and Side Gutters. 

For the convenience of foot-passengers, streets must be 
provided with sidewalks, on either side. Their width, 
which will depend upon the space that can be spared from 
the carriage way, the kind of traffic carried on \wi\ij^\Qfc'5i^^N 
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and the number of people requiring daily accommodation, 
should seldom be less than six feet^ or more than fifteen. 
They are usually paved with flagging stones, brick, asphalt, 
wood, or cement-concrete, or some other variety of artificial 
stone, us described in Chapter VI. and should slope toward 
the street not less than 1 inch in nine or ten feet, in order 
that the surface water may be conveyed promptly into the 
side gutters. 

The carriage way is separated from the sidewalk by a 
line of flagging-stones, sunk into the ground on their edges. 
These are called curb-stones, and form the outer side of the 
eidegutters and sustain the sidewalk, with the pavement of 
which their upper edges are set flush, so that the water can 
flow over them into the gutters. Their lower edge should 
extend at least 6, and preferably 8 or 10 inches below the 
surface of the street pavement, to which they act as a kind 
of abutment. 

It is usual to pave with special care for a width of 14 
to 16 inches, the lowest portions of the street on either 
Bide, called the side gutters, where the pavement meets 
the curb-stones. The slabs used for this purpose, called 
gutter-stones, or simply gutters, are laid flatwise, so that 
their upper faces form a part of the street surface. In 
the city of New York the curb-stones for the best paved 
streets tire required to be not less than 3 feet long, 20 inches 
wide, and 5 inches thick ; and the gutter-stones not less 
than 3 feet long, 14 inches wide and 6 inches thick. In 
streets c^^owded with traffic there is this objection to gutter- 
stones of uniform width, that the continuous longitudinal 
joint between the gutter and the rest of the pavement, wears 
into long, deep ruts, or grooves, which cause severe straiiui 
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14)011 the numing gear of TehidcSy when the wheels, having 
tince entered the rat, attempt to loare it. A remedy for 
this evil wonld seem to be to bieak the eoutinuons joint, by 
makhig the gutter-stones of different widths — s:iy 12 inches 
and 15 inches alternately, as shown in Fig. 47. P^Tements 
for sidewalks are more fully described in Chapter VL 

Pavement of Stone Blocks. 

Although the form and dimensions of paving blocks have 
been the subject of much discussion, all authorities agree 
that the material should possess in a superior degree the 
qualities of toughness and hiirdness, so that it shall not 
crush, nor wear away too rapidly, under the effects of the 
traffic conducted upon it. It is also very desirable that the 
Btones shall not polish and become slippery. While there 
may be considerable variation in the widtlis and lengths of 
blocks for the same pavement, they sliould be of uniform 
depth, or very nearly so, if the foundation bo other than a 
form of sand or gravel. Were it otherwise the blocks of 
least depth would require to be underpinned at considerable 
extra cost, either with good mortar, or stone cliips laid in 
mortar, in order to bring their tops to the required height. 
If a thick joint of sand alone bo placed between them and 
the foundation, they will subside more than the blocks of 
proper depth which surround them, under which the layer of 
sand is very thin. The condition therefore that the blockn 
shall settle equally, requires them to bo of uniform d(;pth. 

Hence, for pavements laid in mortar, the bhKjks should b 
of nearly uniform vertical thickncKK. As each Htr>ne is liable 
to have upon it the entire wei;(ht (if th<r load (;arri(fd by one 
wheel, it should be sufficiently large Ui r<:*'.wl o,\\\A\\\\'^^ ^ncv^ 
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be SO firmly supported anderaeath as to resist depresaion. 
Id tlie direction of the drauglit, it should be no broader 
than the length of a horse's shoe, say not exceeding 4, ot 
at most 4i inches, in order that the joints between the blocka 
may give a firm foothold at each step without slipping. 
Their depth in a yertical direction should be a little more 
than double their horizontal breadth, in order that they 
shall not tilt up on one side when a weight comes upoD the 
other. For the same reason, and to increase the area of 
bearing surface on the foundation, their length across the 
street, should bt> at least equal to their depth, and may 
advantageously exceed it to some extent. 

The most desirable dimensious for paving blocks are 




Fio. 47. 

tberefoFQ as follows : 3^ to 4] inches broad measured along 
the street ; 9 to 13 or even 15 ineliesloiigniciisurcd across the 
Btrcet ; 8 to 10 iTielics in vertical deptli. 

The stones uro placed closely in contact, on their edge in 
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wiitinuoua courses, with their hirgcst dimensions either 
dii'ectlj' across the street as in Fig. i7, or at an angle of 45" 
to CO" with its axis. It is chiimoi! that the latter method 
is pi'efei'able, as the blocks are then less likely to wear iuto 
a convex form. When tiie joints run crosswise, the edges 
of the cross-joints receive a more severe impact from tlic 
wlicels than when the latter cross the courses diagonally. 

The stones of the same course must be of the same 
breadth, the broadest edge of each stone being placed down, 
when there is any difference in this respect. The joints are 
then close below and open on top, 
and should be compactly filled in with 
sand or fine gravel. Granite chips 
ai"e sometimes wedged in between tiie 
blocks. Paving blocks generally give 
joints suEBciently open to secure a 
good foothold for horses, without 
rendering special care necessary to Fia. «. 

attain that end. When placed as in Fig. 47, the continuous 
joints run across the street and not lengthwise of it. 

Upon steep streets the blocks ai^e sometimes arranged in 
two sets of diagonal courses meeting in the middle of the 
roadway in an angle pointing up the ascent, as shown in Fig. 
48. The joints, by sloping downwards to the right and- 
left, aid the fiow of surface water and other liquids into 
the side gutters. 

If the foundation be concrete, or rubble stone filled in 
with concrete, or an old broken stone, cobble stone, or rub- 
ble stone covering, in good condition, it would be advanta- 
geous, and produce in many respects a better pavement, to 
7* 
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set each stone firmly in a bod of stiff, though not very rich, 
cement mortar, care being taken not to disturb it again, or 
allow any travel upon it, until the mortar has had some 
days to set and harden. Some constructors recommend the 
use of cement mortar in the joints between the blocks. The 
mortar for this purpose should be mixed with a small quan- 
tity of water — not enough to make it plastic — and should 
then be tamped into the joints, or calked in after the method 
pursued in pointing first-chiss stone masonry. 

The joints may be filled witli bituminous mastic, or 
bituminous limestone, into which chips of granite or pieces 
of hard slate are compactly driven while it is warm and soft. 

The usual method however, is to set the blocks in contact, 
and then to spread over the pavement a layer of clean sand, 
and allow it to work gradually into the joints. The sand 
however absorbs and retains the filthy surface liquids. 

Sand being incompressible when in a confined state, con- 
stitutes a good filling, with the objection above named, espe- 
cially when the blocks are set in mortar, as it then has no 
avenue of escape, and readily adjusts itself, and assumes a 
new condition of stable equilibrium, for every change or 
disturbance caused by the vibrations of the roadway. 

When the foundation is a form of sand or gravel, or very 
uneven broken stone, or rubble stone, requiring a thick layei 
of sand to bring the surface to the required form, the pav- 
ing blocks are not bedded in mortar, but are generally set 
in place upon a layer of clean sand or gravel spread upon the 
foundation to receive them. As the work progresses each 
block is slightly rammed, and when an area several yards 
square, reaching entirely across from one curb to the other has 
been completed, a heavy wooden rammer weighing 50 to 60 
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pounds manned by two men, is passed over them, a numbet 
of blows being given to each block. The blocks which break 
must be replaced by otliers, and those whose tops are forced 
below the required street surface, are taken up, additional 
sand filled under them, and then reset. A layer of clean sand 
about two inches deep is then spread over the pavement, and 
allowed to work its way gradually in between the blocks. 

When the foundation is only a sand or gravel form, the 
paving stones should be somewhat larger in horizontal area 
than if intended for a concrete or broken stone foundation, for 
the reason that gmall blocks, and more especially thin blocks 
set on edge, have a tendency to settle into sand unequally. 

Upon streets having a longitudinal inclination exception- 
ally great, special precautions may very properly be taken to 
secure a more perfect, foothold for the horses' feet, than 
would be afforded by rectangular or cubical blocks placed 
horizontally with close joints. 

If the blocks can be procured of marked wedge shape, 
without extra cost, it will generally suffice to set them with 
their broadest edge down, as in Fig. 49, so as to form a 




Fig. VX 

series of open joints across the street. These may be filled 
in, to within about one inch of the top, with granite chips 
firmly driven with a hammer, and topped off with a two- 
inch layer of clean sand. Some stone can be split readily 
into these forms. 

With blocks that aieC essentially rectangular, the same 
end may be gained by setting the Uvu\^NVi\«^ ^v5vvt'«fc'e» ^^^ 
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three-fourths of an inch apart, and interposing a course of 
elate between them as in Fig. 50, with the upper edges about 
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one inch below the street surface, finishing the work with a 
layer of sand as before, or, by a simple method, the stones 
may be set slightly canted on their beds so as to lean toward 
the descent as in Fig. 51, thus forming a series of triangulai 




ridges, or corrugations across the street. The joints are 
filled in with clean sand in the usual way. 

The Guidet Pavement. 

Broadway, in New York city, below Fourteenth St., i» 
covered with what is known as the Guidet pavement, com 
posed of granite blocks as shown in Fig. 47, set on a foun 
dation of cement concrete 6 inches thick. The same kind 
of pavement similarly laid, surrounds the New York posi 
office, at the corner of Broadway and Park Row. 

Upon newly made earth, or in wet, springy or swampy 
Boils, the foundation should always be a layer of good 
concrete, at least 6 inches thick, laid upon a bed formed par- 
allel to the finished street surface. The stones are then set 
jn a lajer of clean sand spread over the concrete to a depth 
pf half an inch to an inch. T\\(i \^lt hand |)ortion of Fig. 
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47 shows this pavement. The usual specifications for the 
Guidet paving blocks require that they shall be of granite, 
equal in hardness to the Quincy granite, of durable and uni- 
form quality, each measuring not less than 3^, nor more than 
^ inches in width, on the upper surface or face, and not less 
than 10 nor more than 15 inches in Icngtli, and not less than 
8 nor more than 9 inches in depth. Blocks of 3^ inches in 
width on the face, to be not less than 3 inches in '^idtli at 
the base ; all other blocks to measure on the base not more 
than 1 inch less in width or in length than on the face. 
The blocks are set upright in close contact on their edges, in 
courses, with the longest dimensions and the continuous 
joints running across the street, breaking joints lengthwise 
of the street. The ends of the blocks are dressed off so as to 
give close joints in the direction of the draught, while the 
broad vertical sides of tlie blocks are left rugged or uneven, 
or with the split rock-face, so that the continuous joints 
running across the street are somewhat open. This pave- 
ment, besides being firm, strong and durable, offers a good 
foothold for horses, in its open cross-joints, and an easy 
draught for loaded vehicles in the narrowness of the blocks. 
It gives very general satisfaction in New York, and seems 
well adapted to a street subjected to very heavy traffic. It 
would be an improvement, with a concrete foundation, to 
set the blocks in cement mortar, as a security against unequal 
settlement. It requires from 24 to 25 of these blocks to lay 
one square yard. Thoir cost, exclusive of land haulage from 
the dock to the street where they are to be used, varies with 
the price of labor, from 12 to 15 cents each, after allowing 
for loss and breakage. The cost of a sand foundation ih 
large cities generally compvisea exca\a\.vvi% ^\xA x^^ve^'^'vKv^ 
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road bed, hauling away the excavated material, and purchas- 
ing, transporting, filling in, and rolling the sand, and will 
therefore, vary with the price of labor and sand, and the 
length of haulage. In the city of New York a sand form 9 
to 12 inches thick, will cost, when ready for the pavement, 
from 40 to CO cents per square yard. 

A good cement concrete foundation C inches thick, exclu- 
sive of excavating and compacting the road bed and removing 
the materials, will cost from ilAO to $1.50 per square yard. 

At the present time, (autumn of 1875) contracts could be 
let in Now York city, for the Guidet pavement on a sand foun- 
dation 6 to 8 inches thick, for from $4.75 to $5.25 per square 
yard. This includes a very liberal profit to the contractor. 

In some localities, cubes of eight inches are preferred for 
paving. Their cost, delivered upon the streets in our east- 
ern city, will generally not exceed $2.75 to $3.00 per square 
yard of surface. When laid upon a form of sand or gravel, 
9 to 12 inches deep, it will cost at least 50 cents more per 
square yard to make the foundation and lay the stone, bring- 
ing the total cost of the finished pavement to $3.25 to $3.50 
per square yard. 

The Russ Pavement. 

Several years ago, a portion of Broadway, New York, was 
covered with the Russ pavement at a cost of $5.50 per square 
yard. The natural soil at the level of this road bed was 
sand slightly mixed witli clay. This was excavated to a 
depth of 17 inc^hes, and then a layer of granite chips, from 
4 to 8 inches in largest dimensions, and about half that thick- 
ness, was laid ui)on the bed and rammed down nearly flush 
with the graded surfq-ce. Upon this was placed a fouud^tioii 
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of concrete, six to seven inches thick, formed in detached 
rectangular sections, and composed of 1 volume of Rosendale 
cement, 2i volumes of clean coarse sand, 2^ of broken stone 
like the Macadam road metal, and 2 of coarse gravel. The 
paving stones were rectangular blocks of sienitic granite, 10 
inches deep, 10 to 18 long, and 5 to 13 wide, set in courses 
at an angle of 46° with the axis of the street, and so 
arranged that the pavement could be taken up in rectangular 
sections of 4ft. by S^f t. in order to reach the gas and water 
pipes, without disturbing the adjacent portions. 

This pavement did not give entire satisfaction, the sur- 
face of the blocks being too broad to give a good foothold 
for the horses. They also became smooth, polished, and 
slippery. It was therefore replaced by the Guidet pavement 
already described.* 

* The following is condensed from the specifications in tbje patent 
granted to Mr. Russ, in 1846. 

First. The sub-soil is graded. 

Second, Granite chips, etc., 4 to 8 inches in diameter, and about 
half as thick, are laid on the road bed with the flattest sides upward, 
and rammed flush with the grading. 

Third, A concrete foundation 8 to 10 inches thick is then laid in 
frames of sound wood, cast iron, iron stone pottery, burnt earth or 
any other flt material, thicker at bottom than at top. Before the con- 
crete is put in, bars of iron are placed into the panels, crosswise, with 
holes in them, through which they are united by an eyebolt, with a 
ring in the head of each bolt. Large panels receive 2 or more sots 
of such bars, bolts and rings. The concrete is then filled in and con 
Bolidated, after which it may be lifted out of any panel to obtain 
access to sewers, gas or water pipes, etc. 

Fourth. The pavement consists of granite or sienite blocks 
averaging 10 to 12 inches long, 4 to 5 inches wide on the top surface, 
and about 10 inches deep, carefully laid, the ranges of stones forming 
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The Belgian Pavement. 

The Belgian pavement, so named from its common use 
in Belgium, is made with blocks of stone that are nearly 
cubical in form, split as nearly as possible to square angles, 
with little if any dressing. The trap rock, which forms the 
palisades of the Hudson river, is extensively used for this 
purpose. 

The following is one of the common forms of specification 
for this pavement ; each block to measure on the face or 
upper surface not less than five inches nor more than seven 
inches in length ; nor less than five inches nor more than six 
inch<js in breadth ; in depth not less than six inches nor 
more than seven inches ; nor shall the difference between 
the base and the top surface of any stone exceed one inch -in 
either direction. 

The sub-soil or other matter, other than clean sand, is to 

lozenge-shaped divisions, presenting the edges diagonally to the 
wheel tires. The stone over the centre of each panel is to have 2 
holes for a lewis, that it may be lifted out for a commencement of 
removing the stones to get access to the panel below. This atone 
should be set only in dean sand ; all the rest of the stones are cov- 
ered with sand that must be well washed into the joints, and there 
consolidated by thin grouting of hydraulic cement run freely into 
the sand and left to harden between the stones. 

Fifth. 1 declaim as new and of my own invention the constructing 
a concrete foundation in panels or sections (to give access to pipes 
or conduits below) by the application and combination therewith of 
f mmes formed of any suitable material, with a thinner edge upward 
to allow the concrete mass to be lifted out when needed, s-ubstantially 
as described, when this is combined with a paved road- way of any 
kind laid thereon as described. 
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be excavated and removed to a depth of thirteen inches belo\v 
the top surface of the new pavement when fully rammed, 
forming the proper arch or grade beneath the proposed pave- 
ment. Upon this foundation, clean, coarae sand or gravel 
is to be filled and thoroughly compacted by ramming or 
rolling to the proper depth to receive the paving stones, 
which are then to be laid in close contact, in even courses, 
transversely to the line of the street. When so laid, the 
pavement shall be thoroughly rammed to the grade and to 
the proper arch or crown, after which the surface is to be 
covered with one inch in depth of clean, coarse sand, and all 
interstices filled in solid with sand. 

The blocks shall not be laid more than fifteen feet in 
advance of the rammers. When the road bed is not of firm 
and compact soil, the thickness of the sand foundation must 
be increased to 10 or 12 inches or more, and in soft, com- 
pressible, or swampy soils a concrete foundation should be 
resorted to. Indeed a solid and unyielding foundation is 
more necessary under a Belgian pavement, than under the 
larger blocks used in the Russ and Guidet methods. 

The market price of Belgian paving blocks, whether of 
trap rock or granite, fluctuates with the price of labor, from 
135 to 160 per thousand in New York city; so that the 
cost of the finished pavement laid upon six inches of con- 
crete, will vary from about $3.60 to $4.50 per square yard, 
exclusive of profit to the contractor. 

In setting the stones in a sand form it is important that 
they should all receive an equal amount of ramming, to pre- 
vent unequal settlement subsequently ; and, if set in mortar 
on a concrete, inibble, or cobble foundation, they should iiat 
be walked upon or otherwise diatynibeA. iot ^(^xckfeVo^-^?^ '^i&Xki 
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fcliey liave been settled to their place, so that the mortar will 
have time to set, and the street should not be opened to 
traffic for some days, or until the mortar has attained suf- 
ficient strength to resist crushing. 

Wooden Pavements. 

Wooden pavements made with blocks of wood — ^generallj 
yellow or white pine — set on the end of the grain, although 
they have been extensively tried in the United States and 
elsewhere, within the last fifteen years, are unfit for streets 
subjected to heavy traffic. They are slippery in wet weatlier, 
and are of course very perishable, from their inability to 
resist either the wear and tear of traffic, or the course of 
ordinary decay. Various devices have been resorted to in 
order to lessen these objections and render these pavements 
safe and reasonably durable, such as setting them with wide 
open joints across the street so as to give the horses a good 
foothold ; Kyanizing, Burnettizing or creosoting the wood 
to prevent decay ; and underlaying them with an elastic 
foundation of boards or planks, to enable the blocks to resist 
the crushing and wearing effects of heavily loaded vehicles.* 

* One of the most efficacious methods of preserving wood from 
viecaj, as well as from the attacks of land and marine insects, oonRistf 
in impregnating it, by either the Bethell or the Seely process with the 
dead oil — containing carbolic acid (Cia Ho O3) or cresylic acid (C14 H 
Oa) obtained in the distillation of coal tar. ** By the Bethell process 
the timber is placed in an air tight cylinder of boiler iron, which is 
then exhausted of air to the point indicated by 20° on the Bourdon 
vacuum gauge. At this point the creosote is admitted into the cyl- 
inder at a temperature of about 120° Fah., at once filling it to within 
an inch or two of the top. A preaaxiTeol liOoowX. V5Q ^oands per square 
Inch IB then applied, and mamtained iox Ixom ^n^ \.q «v^Wwa*x 
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The usual sizes for the wooden blocks are from 3 to 4 
inches in width, 8 to 14 inches in length across the street, 
and 6 to 8 inches in depth. 

The ordinary requirements for the Nicolson pavement 
are that the block shall be of sound yellow or white pine, free 
from sap, of rectangular form, and not less than 3 nor 
more than 4 inches wide, not less than 6 nor more than 14 
inches long, and 6 inches deep, the grain of the wood being 
in the direction of the depth. The blocks for paving the 
side gutters are to be sawed to a bevel, so as to form a suita- 
ble channel way of uniform cross section about six inches 
outside the line of curb-stones, to carry off the surface water. 

In preparing the foundation, the subsoil and all material 
other than clean sand, is excavated to a depth of 9 inches 
below the top surface of the new pavement, and parallel there- 
to. Upon this road-bed clean sand is filled in t% the required 

dependiug on the size of the pieces of timber under treatment. The 
creosote oil is then drawn off and the timber removed." 

The Seely process, in brief, consists (1) in subjecting the wood to a 
temperature above the boiling point of water, and below 300° Fah., 
while immersed in a bath of creosote oil, for a sufficient length of 
time to expel the moisture. When the water is thus expelled the 
pores contain only steam ; and then (2) the hot oil is quickly replaced 
by a bath of cold oil, by means of which change the steam in the 
pores of the wood is condensed, and a vacuum formed into which the 
oil is forced by atmospheric pressure and capillary attraction. The 
dead oil referred to above contains only a small percentage of the two 
acids named. It is claimed that either of them applied in a pure una- 
dulterated state to the surface of a piece of timber, like a paint, 
will thoroughly permeate the entire piece, even if it be one foot oi 
more in thickness, and will effectually prevent decay, a questioc 
which has not yet been aatisfactorily determined, "^X^a Y^w^ies^N*. 
now on trial. 
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depth, and ii close flooriug of common pine boards 1 inch 
fcliick is laid thereon, lengthwise with the line of the street, 
tlie ends resting on siraihu* boards laid transversely from 
curb to curb. The flooring boards are thoroughly tarred on 
both sides with hot coal tar, brought to a proper consistency 
by boiling with pitch, so as to be tough and not brittle when 
cool. 

Upon this flooring the blocks are set on end in parallel 
courses running across the street, the lower end of each 
block having been previously dipped to half its height in 
hot coal tar prepared as above directed. The joints which 
run parallel with the line of street are close, and not con- 
tinuous. 

The transverse courses are separated from each other f of 
an inch, by batons of common pine one Inch wide and f of 
an inch thick, laid end to end at the base of the blocks, the 
whole being secured and made firm by nails driven through 
each baton and block with the flooring boards. 

The spaces above the batons between the courses of 
blocks is then filled with a kind of concrete composed of 
clean roofing gravel and hot coal tar, thoroughly mixed and 
compactly rammed in with suitable iron-shod rammers. 

Finally the surface of the pavement, as fast as it is fin- 
ished, is thoroughly coated with hot coal tar, prepared as 
specified, and immediately covered with fine sand and gravel, 
mixed in equal proportions and laid on not less than one 
inch in thickness. 

A section of this pavement taken parallel to the line of 
street is shown in Fig. 52. 

A modification of this method consists in making the 
blocks sqnsLre and all of the ^am^ dimensions on top (about 
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i iu. by 4 in.), one half of tliem being 3 or 4 inches less in 
depth than the rest, and then setting them on the prepared 
fimndation in continuous conrses closely in contact both 
across and lengthwise of tlio street, alternating the deep and 
shallow blocks with each other in both directions, thus 
forming a series of cells about 4 inches square and 3 to 4 



inches deep, arrayed like the dark squares on a chess board. 
Fig. 53. These cells are filled with coarse gravel and pre- 
pared coal tar or asphaltum, and the whole pavement is 
coated over with the coal tar preparation and a layer of fine 
sand. When the flooring of boards is omitted, it is some- 
times the practice to underlie the block with a coat of lime 




or cement mortar, or with a layer of thick paper covered with 
coal tar, in order to exclnde the moisture from below. 

By the Stowe method the blocks rest directly upon a form 
of clean well compacted sand or grastiV, ■«\i\i^\ w-OTXie. ^^«™. 
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4 to C iuclics in thickness only, if the road bed be liard and 
firm. 

In soft spongy or clayey soils the sand foundation should 
be of greater tliickness, though seldom ex2eeJling 8 to 10 
inches. Tlie sand foundation should be carefully graded so 
as to be parallel to the finished street surface. 

The blocks are set in courses transversely .icr.)ss the street 
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80 as to break joints lengthwise of the street, the courses 
being separated from each other one inch, by a continuous 
course of wooden wedges placed close together edge to edge, 
and extending from curb to curb. These wedges are set in 
the first instance with their tops tlush with the top surface 
of the blocks. After the whole pavement shall have been 
well rammed so as to give each block a firm bed, the wedges 
are driven down about 3 inches, and the open joints thus 
formed above them between the courses are filled in with a 
concrete composed of hot coal tar and fine roofing sand and 
gravel. (See Fig. 54.) The surface- of the pavement may 
then be coated with coal tar prepared by boiling with pitch, 
and finished off with a thin layer of sand. 

A modification of this general method of forming the 
pavement by setting single blocks of wood in courses slight- 
ly separated from each other, has been practiced to some 
extent without very satisfactory results. It consists in form- 
ing the blocks into sections or compound blocks, each con- 
taining from 12 to 15 single blocks breaking joints with 
each other in one direction, and \ie\d to^^itlier with wooden 
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tree-nails, passing entirely through tlie section from side to 
side, and striking eivch full block twice. Each section hus 
a triangular groove running horizontally around its four 
aides, for the reception of strong wooden keys. The sections 
are set in contact, breaking joints, upon a foundation of sand 
or a flooring of boards, and thus mutually support oa<;h 
other and are prevented fi^om tilting by the keys inserted 
horizontally between them 




Deep grooves are cut in the upper face of each section 
so as to form continuous grooves across the finished pave- 
ment. These are filled with cement concrete, a mixture of 
coal-tar, sand and gravel, or other suitable material. Their 
principal object is to give a secure footliold for draught 
animals. One of the compound blocks is shown in Fig. 55, 
They are brought upon the street in readiness for laying. 

Another method is to sot the blocks on » base of cast- 
iron formed into colls on lo]), into which the blocks, pre- 
viously dipped in hot nsplialtum, or otherwise properly pre- 
fiarcd, are inserted to about half their depth, each block 
liaving a shoulder around it which hears upon the top of tha 
rou })artition separating the cells. 
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The cnst-iroii liase is fo med in sections, of convenieuf 
area for romoval in jiliices where riecessarj, each section 
being screwed to those ndjiiceut to it by iron clamps or sta- 
ples as sct'ii ill Pig. 56 at a, and by pins as seen at S ; or they 
may be lield together by dove tail projections fitting into 
corresponding recesses The blocks fit together so as to 
form close joints on top a climn I being cutin each, bo as 




to form Lontinuotis channels across the street, to give the 
iiorscs a foothold All tlie blo;,ks are brought to the re- 
([uired form by machinery.* 

• Tlie auUior in indebted to E. S, Clifubrougli, Esq,. Cilj EngiDeel 
of tbo city of Chicago, for the following interesting report on tlis 
woiideii [ittvements in tbat city; 

■' It is true that wooden pavenienta have been more aucoBBsf ul here 
than in anj other important city. The reason ia owing far more, I 
thi[ik, to local elrcumstiincea than to an; peculiarity in the kinds of 
pavements used. Our city ia on a very fliit site, underlaid by a moist 
geiifrally wide, and oiir traffic, instead of being 
r three mnin thoroughfares, is greatly diffused 
have ihr cheapest important lumber market in 
1 easily wi wliy woocIdii [laveiuenLs should Im 
IS tliftu lliey MB e\s«-«\veie. 'BBKii.ia'OQwvii^w 



principally on two 

When it Ib added w 

till! country, yoa ci 

tiiore favored with 
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Brick Pavements. 

Among the many attempts that have been made to com- 
bine bitumen and other hydro-carbons, including even ordi- 
nary coal tar, witli other substances for street pavements, 
the hydro-carbonized brick pavement introduced by Messrs. 

siderations I should mention that our wooden pavements, while in 
good condition, are much more agreeable to drive over, than any other 
kind it is practicable to put down here, except the asphalt, which is 
much more costly. 

" As the property holders on each side of a street are assessed the 
cost of paving it, except at intersections with other streets, it is very 
natural they should have something to say with regard to the kind of 
pavement to be put down ; in fact the City Council has of late allowed 
them to make private contracts, the work however to be subject to the 
supervision of the Board of Public Works. As a consequence of this 
state of things, and also of the rival claims of patentees, we have tried 
various kinds of pavement during the last twenty years; no kind has 
lasted any better than the Nicolson. There has not been time enough 
yet to determine whether some of the newer kinds will last as long or not. 

"Of the kinds of pavement laid here the following includes all it 
would be of any practical value to describe, viz. : 

" 1st. The Nicolson, which you are familiar with. 

•'2d. Bastard Nicolson, differing from the real in the absence of 
wooden strips in the bottom of the joints between the blocks, which are 
filled with gravel. 

*• 3d. The Stowe, which is without any flooring under the blocks. 
These are kept apart with thin pieces of wood, wedge-shaped at the 
end, and driven into the sand below. The upper parts of the joints 
between the blocKs are filled like those of the Nicolson. 

"4th. The Cireeley, Which differs from the Nicolson simply in tue 
joint between the blocks, which is filled entirely with the wooden 
strips, leaving no room for gravel. 

" 5th. The unpatented, which is without flooring andtt^ ^35ift\:^si*i^'*»N 
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Cad lie a ad De Valins, of San Fancisco, California, deseryeii 
notice. The bricks are prepared by heating them in a 
boiler-iron tank set in brick work with a furnace nndemeatlt, 
and containing a sufficient quantity of the liquid hydro-car- 
bon to allow for evaporation, and secure a thorough saturft- 

kas no strips between them, and dispenses witli tar. It ig the most 
used here now. 

"Some portions of wooden pavements here have lasted in tolerably 
good condition for nine years. When properly laid on wide streets 
they may be relied upon to keep in good condition about seven years 
but some fail in less time, especially where there is much traffic and 
vehicles are compelled to go in ruts, as for instance, through the nar- 
row arch -ways of our river tunnels, in "which the wooden pavements 
Keep in good order only two or three years. The traffic through these 
tS not to be compared with that on Broadway, or Fulton St., New York. 

"Gravel, Macadam, Cobble, and Limestone block pavements have 
all been used here, but none of them compare favorably with the best 
of similar kinds used in eastern cities. The cobble has beeu entirely 
discontinued. The Macadam is but little used. The stone is very dis- 
agreeable as compared with wood, and no new streets have been paved 
with it for years. The first wooden pavements of this city were laid 
in 1S5G. 

** Our streets are under the care of the Superintendent of Public 
Works. Mr. I. K. Thompson, the former one, now a member of the 
Board, and Mr. Geo. W. Wilson, the present one, have kindly given 
me their views on this subject. They are both satisfied that the reason 
some wooden pavements last so much shorter time than others, is 
owing to a less degree of care or skill, in the selection of the blocks. 
This is of course, when they are subjected to like usage. They also 
think white oak is more durable than pine used in this way. The 
unpatented costs about $1.40 per square yard, including 4 inches of 
ballast blocks 8 inches in depth. The blocks are now laid diag- 
onally across the streets, and are considered more durable lal4 tUifl 

IVAf. " 
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fcion jf the bricks. The heat is applied with an intensity 
and duration sufficient to reduce the liquid material to a 
consistency that will withstand high atmospheric tempera- 
tures without softening. A tank 12ft. long, 4 to 5ft. wide, 
and 3ft. deep is a suitable size, and the time required for a 
tliorough saturation of the bricks about 24 hours. It is 
claimed that, thus treated, the bricks will sustain great 
weight witliout crushing, and will resist abrasion a'hd wear 
when subjected to ordinary street traffic, but no satisfactory 
evidence on tliese points, based upon their practical use, has 
been obtained. The description furnished by the inventors 
does not specify the kind of hydro-carbon required to give 
the best results. 

The prepared bricks are set in a layer of sand about 2 
inches thick, spread upon the road bed after the latter has 
been properly adjusted to a surface parallel with that of the 
finished pavement. The road bed and sand should be thor- 
oughly compacted by ramming or rolling. 

The bricks may be set in a single layer, on edge or on 
end, with continuous joints running across the street, and 
breaking joints in the other direction. They are firmly set- 
tled to their places by ramming, and hot coal-tar or asphaltum 
is poured into the joints to cement them together, and ren- 
der the pavement impervious to water. The surface is fin- 
ished with a coating of the same material laid on hot, and 
then top-dressed with a layer of fine gravel or coarse sand. 
When two layers are used, the bottom one may be of unpre- 
pared bricks laid flatwise, with the joints filled in with sand, 
and then covered with a coat of hot coal-tar or asphaltum. 
The top layer may be set on edge or on end, and finished off 
tis in the case of a single layer. 
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On steep grade tbe surface layer may be set iv ith open 
half-inch joints running iicross the street, filled in with a 
mixture of hot tar and gravel. 

The durability of this pavement has yet to be proved. 

Asphalt Pavements. 

Within the last twenty-five years bitumen, in some of iu 
many forms, has been employed to a considerable extent, as 
the binding material or matrix for road and street coverings 
laid in continuous sheets without joints. They are all com- 
prised under the general head of asphalt pavements. The 
city of Paris took the lead in this innovation upon the 
former methods of paving with stone, the reasons assigned 
for the change being, (1) the want of connection and homo- 
geneity, in the elements of which the stone paving is com- 
posed, (2) the incessant noise produced by them, (3) the 
imperfect surface drainage which they secure, by reason of 
which the foul waters are not carried off but filter into the 
joints, and (4) the ease with which they can be displaced, 
and used for the construction of barricades, breastworks and 
rifle pits in time of civil war. 

Varieties of Bitumen. 

There are several varieties of bitumen which pass insen- 
sibly into each other, from naphtha the most fluid, to petro- 
leum and mineral tar, which are less so, thence to maltha 
which is more or less cohesive, and thence to asphaltani 
which is generally solid. The softer kinds gradually harden 
in time by the evaporation of the volatile i)arts. 

They are hydro-carbons, accompanied in the solid and 
riscouB kinds with various oxygoTia\^^e^\W\^\.^ qI li^drogen. 
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'l.Uie fluid varieties are generally solvents, to a greater or less 
extent, of those that are solid or less fluid. 

The forms of bitumen most extensively employed for 
pavements are mineral tar ; asphalt rock, which is an amor- 
phous carbonate of lime impregnated with mineral tar, and 
known in commerce as bituminous limestone; asphaltum; 
heavy petroleum oils like those from West Virginia, or others 
not volatile under 212° Fah., or the residuum of refined 
petroleun^ containing no water, aud so refined as not to be 
volatile at 212° Fah. 

Mineral Tar. 

The principal sources of the natural mineral tar of com* 
merce are in France, at Bastenne (Landes) and at Pyrimont 
Seyssel (Ain), and in Switzerland at Val de Travers, in the 
canton of Neuchatel. At Bastenne as well as at Gaujac, in 
the south of France, it flows from several springs mixed 
with water. The Bastenne mines are nearly exhausted, and 
no shipments of mineral tar to foreign ports are now made 
from that locality. This tar is also found impregnating 
quartzy sandstone, from which it is separated by boiling. 
At Seyssel both sandstone and limestone are impregnated 
with it. By boiling the sandstone in water the tar rises to 
the surface, or adheres to the sides of the vessel. " The sand- 
stone seldom yields more than 10 per cent of tar, the aver- 
age of the mines falling considerably below that proportion. 
it the ordinary temperature mineral tar should not be 
oither brittle or liquid, but viscous and ductile, so that it 
will freely elongate into threads when drawn out, and not 
bi-eak unless drawn very thin. 
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Bituminous Limestone. 

This limestone, known also as asphalt rock^ occurs in 
botli Seyssel and Val de Travers. The stone is of a liver 
1)1-0 wu color, irregular in fracture, massive, and has a specif- 
ic gravity of 2.114, water being 1.000. It contains from 5 
Lo 15 per cent, and sometimes 20 per cent, of the mineral ba 
above described ; is tough and difficult to break with a 
hammer, being to some extent malleable. It can be cut 
easily with a sharp knife, or scratched and abraded with the 

finger nail. 

Asphaltum. 

Asphaltum is a variety of bitumen generally found in a 
solid state. At ordinary temperature it is brittle, and too 
hard to be impressed with the finger nail. It is black or 
brownish in color, opaque, slightly translucent at the edge 
of a new fracture, of smooth fracture, and has little odor 
unless rubbed or heated. It melts easily, burns with very 
little if any residue, and is very inflammable. 

It is found floating on the Dead Sea, and in many places 
In Europe. Many localities in Mexico supply it, and it 
abounds in the islands of Barbadoes, Trinidad, and Cuba, 
and in Kitchie county. West Virginia, and in New Brunswick, 
Dominion of Canada. They all yield, by distillation, an 
inflammable gas ; a kind of bituminous oil ; a tarry substance 
like coal tar ; and a species of coke. They are all too brittle 
when cold, and too soft when exposed to the direct rays of 
a summer's sun, to be employed in their natural state, as 
I ho cementing substance of street pavements. A suitable 
solvent to render it fit for such use, lias been found in the 
heavy petroleum oils, or the residuum oi i^^ued petroleum, 
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not volatile at 212° Fah., already mentioned. The result 
of the combination, which sliould take place in an iron 
boiler at a temperature of about 470° Fah., is a manufac- 
tured bituminous cement exactly resembling in composition, 
quality, and appearance, the natural mineral tar obtained 
from the mines of Bastenne, of Gaujac, or from the sand- 
stone of Seyssel. 

This variety of bitumen, known as mineral tar, or bitu- 
minous or asphaltic cement, whetlier furnished by nature in 
a nearly pure state, or formed by the combination of other 
natural bitumens, under the general law that the more fluid 
kinds are solvents of those that are solid or less fluid, is the 
best and only suitable cementing substance, or binding 
medium, for asphalt pavements yet discovered. Like all the 
bitumens it owes its property of hardness and toughness 
under varying temperatures, to the presence in suitable pro- 
portions of the compounds called petroline and asphaltine, 
too much of the former making the asphaltic cement too 
Boft in warm weather, while an excess of the latter renders it 
too brittle in winter. Hence the percentage of heavy petro- 
'leum oil necessary to be added in order to convert into a 
good bituminous cement, any particular variety of asphal- 
tum, depends upon the proportion of petroline and asphal- 
tine which the latter already contains, and this proportion 
varies greatly in different localities. 

No asphaltic cement is suitable for all climates, and even 
the natural mineral tar from Seyssel, though well adapted 
for use upon the streets of Paris, requires to be mixed with 
II harder asphalt, to enable it to withstand exposure to the 
Buu in the United States. 
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Bituminous Limestone (Asphalt) Pavements. 

A capital distinction must be made between pavementa 
of asphalt hereafter described, made either with natural 
asphalt rock, or with the refined asphaltum as a cement, 
combined with suitable calcareous powder, and all or nearly 
. all of those attempted imitations of it, produced by mixing 
crude mineral tar, or manufactured tar, with one or more 
pulverized minerals or earths. And more especially must 
we exclude from the category of asphalt pavements, all those 
patented street coverings composed of wood-tar, coal-tar, 
pitch, rosin, etc., mixed with either sand, gravel, ashes, 
scoria, sulphur, lime, etc., or with two or more or all of 
them. Some of them will produce a tolerably fair sidewalk, 
but they are totally unfit for the surface of a carriage way. 
Some of the best of them will answer for carriage way foun- 
dations. 

The natural asphalt rock, like that from Seyssel or Val 
de Travers, or other localities in the Jurassic region, in order 
to be suitable for paving carriage ways, should contain about 
11 or 12 per cent of bitumen (mineral tar) and 88 or 89 per 
cent of amorphous carbonate of lime. Inasmuch, however, 
as some of these limestones contain more, and others less than 
11 or 12 per cent of the tar, it is frequently necessary and 
always practicable to obtain a mixture of the requisite 
degree of richness in bitumen, by combining those of differ- 
ent qualities together, or, if none but a rock poor in bitumen 
is procurable, the same result may be obtained by adding 
mineral tar to it. 

The rock should be of the fine-grained variety, of toler- 
ably close texture, and composeOi ol \mYG carbonate of lime 
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BO uniformly and homogeneously impregnated with the bitu- 
men, that a cut made with a sharp knife will show neither 
pure white nor jet black spots, but be of a brownish liver 
color, mottled with grey. 

When asphalt rock of this character is heated to a 
temperature of 200° to 212° Fah., the bitumen becomes 
soft, the grains of limestone separate from each other, and 
the mass crumbles into a partially coherent powder. If 
this powder, while still hot, be powerfully compressed by 
ramming, tamping, or rolling, the molecules will again 
unite, and the mass when cold will assume all the essential 
qualities of the oiiginal rock, but in a superior degree, as 
regards toughness, hardness and incompressibility. This 
is the whole theory of asphalt road coverings, as applied to 
the street pavements in Paris and elsewhere. 

Foundations for Asphalt Pavements. 

The pavement foundation should be preferably, cement, 
concrete, or rubble stones tilled in with concrete made after 
the same formula, and laid in the same manner and to the 
same thickness, heretofore described for a pavement of stone 
blocks ; or it may be six to eight inches of suitably com- 
pacted broken stone ; or an old broken stone road carefully 
cleaned by scraping and sweeping, and then covered to an 
even surface with a coat of mortar ; or an old cobble, or 
stone block pavement, with the joints raked out to a depth of 
about one inch, and then cleaned off and coated with mor- 
tar. Even a badly worn pavement of coal-tar concrete, or 
other kindred mixtures, niav be tlie foundation, under suit- 
able precautions. The mortar used for surfacing the foun- 
dation may be composed of one \o\\xin^ ol e.wsi\svQw^^>c«v^ 
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paste, one volume of the paste of Bosendale or other equiya- 
lent cement, and seven to eight volumes of coarse sharp 
sand. If standard Portland cement be used, the volume ot 
lime paste may be doubled, and the volume of sand increased 
one-half, producing a mortar containing cement paste cno, 
lime paste two, and sand ten to twelve. 

If a new foundation has to be prepared, it should be of 
good cement concrete, and for streets subjected to heavy 
traffic not less than 6 inches thick if upon firm and compact 
soils, and rarely more than 9 or 10 inches if the road bed 
be wet, spongy, or clayey. It should be compacted to an 
even surface parallel to that of the new pavement, so that 
the latter can be applied in a sheet of uniform thickness. 

Heating the Asphalt. 

The asphalt rock, previously pulverized by grinding, is 
brought to a uniform temperature of 250° to 260° Fah., in 
iron heaters, and in this condition is conveyed in wheel-bar- 
I'ows with sheet iron bodies to the place where it is to be 
used. If the heaters be arranged upon wheels so as to be 
portable, they can be kept in close proximity to the point of 
application, in which case the hot material may be taken out 
with long handled shovels, and deposited directly upon the 
foundation in its proper place, but it will generally be found 
convenient to convey it in whcel-barrows. 

The material is not in fit condition for use until all the 
moisture has been driven from it, and it should not be 
applied upon a cement-concrete foundation until the latter 
has had some days to set, nor in any case upon any kind of 
foundation until its surface has become perfectly dry. If 
/aid upon a damp surface the \\eat valorizes the moisture. 



ASPHALT PAVEMENT. 



179 



and the steam, escaping through the powder, prevents a 
thorough and complete cohesion of the particles, and ren- 
ders the pavement imperfect. When it is impossible or incon- 
venient to wait for the surface of the foundation to become 
dry, a first coating of asphalt, one-fourth of an inch thick, 
may be applied, to be followed when hard by the final cov- 
ering. By this precaution the injurious effects of the steam 
created by the hot powder, will be avoided. For this lower 
coat the asphalt may be of poorer quality. 

Applying the Asphalt. 

The hot powder having been carefully spread upon the 
foundation with an iron rake, to a depth exceeding by two- 
fifths the ultimate thickness required, is then compacted by 




Fig. 57. 



ramming with iron pestles, kept sufficiently hot in portable 
furnaces to prevent a too rapid cooling of the asphalt. The 
ramming should first be done cautiously with light blows, 




Mtetion on a-b 



Fio. 58. 



gradually increasing in energy, special care being taken at 
the junction of the hot powder with that previously laid. 
The finished pavement should be smooth and even, with 
from If to 2 inches thickness oi asigiVvaW, ^i.e^^\. \5c^^^ ^v^'^'^^l^ 
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where the traffic is very heavy, when the thickness may 
advantageously be from 2^ to 3 inches. The iron rammer, 
Fig. 57, may be circuhir, square, or rectangular on the face, 
tmd should weigh from 14 to 16 pounds. After the rammers, 
hot smoothing irons. Fig. 58, are passed over the surface, in 
order to give it a high degree of finish. 

It is usual to lay this pavement in transverse strips from 
curb to curb, or from gutter to gutter, of a uniform width oi 
4 to 6 feet, care being taken to cut the outer edge of each 
strip to a rebate while it is yet soft as shown in Fig. 59, so 
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that the hot asphalt of the succeeding strip may lap over and 
firmly unite with it. If the strip has become cold, from 
interruption of the work or other cause, some of the hoi 
asp] Kiltie cement should be applied to the rebate with a 
brush, in order to insure a close and powerful cohesion in 
the joint. In two or three hours after the work is done the 
road is sufficiently liard to be thro\\n open to traffic. It is 
usual to first spread over it a light layer of loamy sand. 

The consolidation is sometimes effected with heavy iron 
rollers of different weights, beginning with the lightest and 
finishing off with the heaviest, but a roller containing onlj 
a single cylinder, if sufficiently heavy to be effective, is apt 
to cause the soft asphalt to rise up in front of it, and even 
to tear it asunder as tlie temperature becomes lower. Two 
or throe rollers, placed close together in the same frame, one 
bphiud the other j would be less ob^^^V\o\vd\i\^, 
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The method of consolidation with raaimers is beliered to 
be the best, all things considered. 

It is important that the surface should be evenly finished 
to the required grade, and be free from elevations and depres- 
sions. If otherwise the wear will be more severe, in conse- 
quence of the shocks and blows created whenever a wheel 
rises and falls upon the uneven surface. Moreover, rainwater 
and all noxious fluids should drain off freely, wliich they 
could not do from a rough pavement, and as the asphalt is 
impervious to water, they would stand in pools until cleaned 
off or removed by evaporations. 

There ca*ii, of course, be no vertical absorption from rains, 
through such a covering. There will also be no lateral ab- 
sorption if fc»iitable drainage has been provided. The road 
bed will therefore remain dry at all seasons of the year, and 
no upheavals from frost need ever be apprehended. 

Asphalt Pavements without Bituminous 

Ijimestone. 

When it is desired to construct an asphalt pavement, 
without using the bituminous limestone from the Jurassic 
region which, as already described, contains both the matrix 
or binding material, and the body cemented together, and 
which after disintegration by heat, or by grinding, is capable 
of being re-united under a new form, and especially in 
the form of a monolithic sheet suitable for street coverings, 
there are three essential points demanding consideration, 
viz : 

FirsK To obtain a suitable bituminous or asphaltic 
cement. 

8^con4> To obtain a solid mateYv^X m ^ikv^ \st\sw «A 
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powder, fit to replace the amorphoas carbonate of lime of the 
natural asphalt rock. 

Third. To combine these two in such manner that they 
will answer the purpose of a pavement. These points will 
be briefly considered in their regular order. 

The Asphaltic Cement. 

FirsU The imported mineral tar, after proper treat- 
ment to adapt it to our climate, by adding a small quantity 
of refined asphaltum, is a good asphaltic cement. When, 
however, it is desired to manufacture a suitable cement from 
the crude materials, the variety of bitumen known as asphal- 
tum or asphalt is employed as the basis. 

The asphalts from different localities differ very much in 
the proportion of asphaltine and petroline which they con- 
tain. Too much asphaltine renders the cement brittle in 
cold weather, while it will become too soft in summer if it 
contains an undue quantity of petroline. No natural asphalt, 
whether liquid or solid, has yet been found suitable for all 
climates and seasons, and it is necessary to mix two or more 
together, in order to arrive at satisfactory results, having 
first ascertained the standard quality of each. 

The asphalts in common use in this country are derived 
from deposits found in the islands of Cuba and Trinidad ; 
from Ritchie county. West Virginia, and from the province 
of New Brunswick. The two last named, known respectively 
as Grahamito and Albertitc, are pure asphalts, containing 
little if any forcMgn impurities, while the others contain 
from 20 to 30 })cr cent of deleterious refuse matter, which 
has to he separated by a careful process of refining. Thev 
till differ in the amount of asphaltine which they contain, 
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there being the most in Grahamite and Albertite, less in the 
Cuban, and least in that from Trinidad. There is a liquid 
asphalt or mineral tar, brouglit from the isthmus of Tehuan- 
tepee, which contains less asphalt than the Trinidad. It 
contains about 2 per cent of sulphur and a large proportion 
of water, as received in the market, from which it has to be 
separated by refining. 

These natural asphalts, having each been brought by 
refining to a standard point of specific gravity and purity, 
may be used separately, or two or more of them may be 
mixed together, as the basis of the asphaltic cement. It will 
be necessary in using only the solid asphaltums to add, at a 
suitable temperature — say from 250° to 300® Fahrenheit — 
a small per centage of the proper soh'cnt, such as the heavy 
oils or " still bottoms," produced in the process of refining 
crude petroleum, in order to render the cement fit for pave- 
ments, and enable it to withstand the changes of temperature 
in the locality where it is to be used. The precise quantity 
of heavy oil that it would be necessary to add to any one 
asphalt, would not be likely to suit another, or the mixture 
of two or more of them. Chemical research and experiment 
can alone determine this point. A liquid bitumen con- 
taining asphaltine and petroline in the requisite propor- 
tions to produce the desired result may replace the still 
bottoms. 

A serious impediment to the successful use of asphalt 
for pavements in this country, is tlie condition in which 
they are shipped from the island of Trinidad and other 
localities where the deposits are found. 

The operation of refining — improperly so called — at the 
mines, is very imperfectly done, so that variable and some- 
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times large percentages of refuse and deleterious matter, 
such as earth, vitrified sand, cinders, aslies, etc., are con- 
tained in the material as supplied for use. Dr. TJre, in 
several analyses, states that he found from 20 to 30 per cent 
of these impurities. This variable quality of the asphalt, 
not only seriously impairs its value, but likewise renders the 
results of its use uncertain, when fixed rules as to propor- 
tions, which have been established for an article of standard 
value, are adhered to. 

The manner in which the crude material is treated for 
the purpose of separating these foreign substances, and dis- 
tilling volatile matter, is faulty. The heat is often applied 
in an irregular and unsystematic manner, and with such 
carelessness as frequently to destroy by overheating much of 
the most valuable part of the asphalt, leaving the material 
in such condition, that when employed for pavements, even 
after the best formula honestly and closely followed, no 
good results can be obtained. 

The preparation of asphaltic cement, suitable for car- 
riage way pavements, requires improved machinery, scien- 
tific supervision, and systematic labor, all of which will 
necessarily enhance the first cost of the article. None of 
tbem can, however, be safely omitted. 

Any process which will not, with reasonable certainty, 
secure the uniform application of heat to, and proper super- 
vision over, the distillation and refining necessary to bring 
the material to its proper condition, will be likely to end in 
more or less complete failure, for one or the other of the fol- 
lowing reasons, namely, (1) it will either result in the 
destruction of some of the valuable properties of the bitumen, 
or, (2) it will impair its fitness for pavements by the imper- 
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feet evolution and distillation of volatile or other injurious 
or useless matter, such as water and light volatile oils. 

The asphaltic cement when properly prepared must be 
soft even in cold weather, must give by distillation a hy- 
dro-carbon oil of a fire test not less than 200® Fah., musi 
contain no water or any ingredient soluble in water oi 
the urine of animals, and must contain nothing that is 
oxidizable, or that can be affected by the elements to 
any serious degree. Changes of temperature will not 
render it very brittle in winter and soft in summer, even 
in the variable climate of the United States, although the 
formula that would suit Boston or New York, would not 
answer in either New Orleans or Key West, more asphalting 
being necessary in the cement intended for the warmer 
climates. 

In stiiking contrast to the material above described, in 
every conceivable respect, are all those mixtures of wood-tar, 
coal-tar, pitch, rosin, etc., which have brought such unjust 
disrepute upon asphalt pavements. 

The Powder. 

Seconds The specious and altogether worthless street 
coverings, erroneously called asphalt pavements, to which 
brief reference has already been made, have owed their uni- 
form failure, not so mucli to the sand, gravel, lime, etc., 
employed to give them strength and body, as to the entire 
absence of a suitable cementing medium. 

A fair pavement c an be made by properly mixing any 
kind of fine sand with the asphaltic cement above described, 
but nothing — not even the pure amorphous carbonate of 
lime contained in the natural asphalt rock — would make a 
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pavement of any value,, if coal or wood- tar, pitch or rosin, 
or any combination of them, furnishes the matrix. 

The best material yet found in the natural state, for the 
body of the mixture, is very fine sand, carefully screened 
from all coarse particles and gravel, and composed partly of 
calcareous matter in which the calcareous ingredient exists 
mostly in the form of powder. This sand, when nibbed 
between the fingers, does not convey the idea of being sharp 
and gritty, but feels something like fine Indian meal. It 
should contain 25 to 30 per cent of calcareous matter, and 
preferably 40 or even 50 per cent. 

When such a material cannot be found, it can be produced 
by mixing fine silicious sand and pulverized marl, and where 
marl is abundant it can be used alone, being first ground to 
a fine powder. The sand should be as absorbent in char- 
acter as can be found, and the ratio of absorption among 
different kinds will, as a general rule, vary directly with th^ 
quantity of porous calcareous particles which it contains. 

Mixing the Cement and Powder. 

Third, The sand and the asphaltic cement are mixed to- 
gether at a temperature of 250*^ to 300** Fahrenheit — not 
higher — in the proportion by weight of 80 parts of sand 
to 20 parts oi cement. The two ingredients are heated 
separately. 

In conducting operations on a small scale, the cement 
may be heated in an ordinary furnace kettle, and the sand 
in a broad shallow sheet-iron vessel, so arranged that a fire 
can be maintained under it. The hot sand is added to the 
cement in small quantities, accompanied by frequent stir- 
ring, and when a homogeneous mixture has been obtained 
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in tlie required proportions, it 
the street, in the manner al- 
ready described for pavements 
of compressed asjihalt rock. 
Calcareous sand suffers injury 
if heated much above 300° 
Fahrenheit, so that a watcliful 
care is necessary in this part of 
the process. 

For extensive work better 
appliances for heating and mix- 
ing the materials than those 
above indicated would be econ- 
omical. For the sand, a hollow 
iron cylinder a bont 2 feet in di- 
' ameter and 10 to 13 feet long, 
set horizontally in a furniice 
and revolving slowly, or two 
such cylinders placed side by 
side, has been found to answer 
very well. 

Such a sand heater is shown 
in Figs. 60 and 61. Fig. 60 is a 
section on AB of Fig. 61, and 
Fig. 61 is a side view and sec- 
tion on CD of Fig. CO. E is the 
inlet for sand ; F outlet for 
screened sand ; G outlet for 
screenings ; H fireplace ; I tlio 
chimney temporarily lowered ; 
and K the dnring pulley. The sand is oonveved from th* 
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inlet £ into the revolving heater bj nn arcbimedian aotew. 
At V 18 a valve, lightlj 
Gounterpoieed so ae to opeu 
and allow any sand to 
escape vhich may gel into 
the furnace fine S, which 
Btirroimds the heater. 
The whole machine is 
monnt^d on a pair of 
wheels so afl to be portable. 
The £phalt mixer in 
which tiie melted cementis 
incoi'])orated with the hot 
eand, consists of a hori- 
zontal twin png-mill 6 to 
8 feet in length. The two 
horizontal shafts are par- 
allel to each other, and 
about 1 foot 9 inches apart, 
. each provided with arms 
14 or 15 inches long, set 
at right angles to the 
shaft. The arms from the 
two shafts therefore over- 
lap each other about 7 
inches. The bottom of 
tho pugmill is composed 
of parts of two cylinders 
of boiler iron, respectively 
tangent to the ends of the 
two sets of sh^t arms. 




THE ASPHALT MIXER. 189 

Directly over this pugmill is a top mixer, in which the 
melted cement and hot sand are first mixed together, and 
into which they are measured in the proper proportions, with 
vessels suspended above on movable pulleys. See Figs. 62 
and 63. Fig. 62 is an end view ; Fig. 63 a side view and 
section on jt? r of Fig. 62 ; a top mixer ; h twin mixer ; c 
asphalt measure ; d sand measure and hoisting apparatus ; 
e driving chain for top mixer ; / wooden platform for work- 
men ; g fire room ; h fixtures for operating sliding doors in 
bottom of top mixer for supplying the twin mixer ; i driv- 
ing wheel ; k pinion, and I driving cogwheel. When in 
operation the shafts of the twin mill revolve slowly in oppo- 
site directions, the ends of both sets of arms ascending 
between the two axes, so that their action is to lift the mate- 
rial constantly and let it fall, thus securing a thorough and 
homogeneous mixture. The whole apparatus is arranged 
with a furnace underneath. 

It is convenient to have both the sand heater and mixer 
on wheels, so that they can be readily moved from place to 
place as circumstances require. 

Applying the Mixture. 

The asphalt, having been prepared in the manner thus 
indicated, is in the condition while hot of partly coherent 
powder, in all respects resembling the powdered bituminous 
limestone, and in its use, the directions given for lay- 
ing pavements with that material should be closely fol- 
lowed. 

When the foundation is of broken stone, newly laid for 
the purpose, great care should be taken to guard against 
subsequent settlement. The stone, or a mixture of stone 
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ai>d gravel, should be of all sizes from 2| inches in longest 
dimensions down to fragments not larger than peas, in order 
to reduce the voids to a minimum. By mixing it with one- 
fourth to one-third of its volume of some of the best coal 
tar mixtures used for patent sidewalks, heating the mixture, 
and then compacting it by rolling or ramming in two layers 
of 3 to 4 inches each, a good foundation, although inferior 
to one of hydraulic concrete, will be obtained. When neces- 
sary to save expense, the use of the coal tar compound may 
be restricted to the top layer, or even to a surface coating 
of the top layer, which should be forced well into the inter- 
stices during the process of ramming or rolling. But all 
these devices for cheapening a foundation are certain to 
impair its strength and solidity. 

One of the patent asphalt rojidway pavements is described 
to consist (1) of a foundation, 5 to 6 inches thick, of broken 
stone heated and mixed with a bituminous compound, topped 
off (2) with a thin binding layer of small gravel and stone, 
over which is placed (3) a thin coating of liquid asphalt. 
Then follows (4) a layer ^ to ^ inch thick of asphaltic mas- 
tic ; then (5) another coating of liquid asphalt ; and jSnally 
(6) a top layer IJ to 1^ inches thick of asphaltic mastic. It 
is needless to say that if the nomenclature here employed be 
correct, and coal tar or some patented compounds are not 
referred to, this will be a good pavement for footpaths, 
although unnecessarily thick, but will not be hard enough 
for carriage ways. By replacing the four top layers — ^the 
tliird, fourth, fifth, and sixth — ^by genuine asphalt as above 
recommended for carriage ways, a good street pavement 
wonld be obtained. 
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Asphalt Block Pavement. 

Mention «vas made on page 177, of the superior tough- 
ness, hardness, and incompressibility, conferred on bitumin- 
ous limestone by compressing it while hot. This property 
characterizes any genuine asphalt mixture suitable for pav- 
ing purposes, and advantage has been taken of it,* in first 
forming the material into rectangular blocks under a heavy 
pressure, and then laying them in courses across the street, 
substantially after the manner followed in constructing the 
best stone block pavement. It is, perhaps, needless to say 
that a pavement of this kind, composed of good materials, 
properly prepared, and laid upon a firm and unyielding 
foundation, should be a good one. Specimens of it have 
be^n on trial for some years in San Francisco, Cal., where it 
Is styled by the patentee the Imperishable Stone-Block Pav^ 
ment. The blocks are made with Trinidad asphaltum, 
softened with 7 to 9 per cent of the heavy oils or still bot- 
toms, used in preparing the asphaltic cement described on 
pages 182 to 185. This preparation is mixed with hot 
powdered limestone, or j^owdered furnace slag, and then com- 
pressed "v-ih a force of about 50 tons into blocks measuring 
4 inches hy o inches by 12 inches. The pressure, which is 
applied ♦•') the narrowest face of the block, exceeds one ton 
to the square inch. The limestone or slag is not required 
to be of the firmness of impalpable powder, but is composed 
of grains of all sizes from dust up to the size of a small pea. 

The blocks are laid close together on their longest edges, 
;u courses across the street, breaking joints lengthwise of the 
street, the joints being filled with suitable asphaltic cement 
^o ^ to yonder the pavement water tight. The foundatioi^ 
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should be firm and stable^ such as the best of those described 
OQ pages 143 to 149. This pavement while new would be 
nearly as smooth as that of the continuous sheet of asphalt 
lieretofore described, but the wear of heavy traffic would, in 
a short time, crumble off the edges of the blocks and open 
tlie joints at the surface sufficiently to give the horses a foot- 
hold, without impairing the imperviousness of the covering. 
It is suggested that it would be better to form the Ijlocks 
\uth slightly truncated or rounded edges, so as to give the 
requisite foothold when the pavement is laid, rather than to 
secure the same end by the irregular and ragged abrasion 
caused by use. As they are "homogeneous in toughness and 
hardness, the blocks can be taken up, when their surfaces be- 
come uneven from unequal wear, and relaid in mortar, bottom 
sides up, with all the smoothness of a new pavement. It may 
oe added that the process of refining and careful manipula- 
tion described on pages 182 to 185, is equally necessary 
whetlier the material be applied as a monolithic sheet, or 
as blocks, and any mixture that is suitable for the former is 
also suitable for the latter ; also, that a form of sand is not a 
proper foundation in either case. 

Merits of Asphalt Pavement. 

The advantages possessed by monolithic asphalt pave- 
ments constructed by either of the two methods above 
described are (1) that they produce no dust and therefore no 
mud ; (2) are comparatively noiseless, the clicking of the 
horses' feet excepted ; (3) do not absorb and retain noxious 
liquids but facilitate their prompt discharge into the side 
gutters and sewers ; (4) they are impermeable and emit no 
Uoxious vapors themselves, or allow their emission |rom th^ 
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Bubsoil ; (5) they reduce the force of traction and conse- 
quently the expense of wear and tear upon animals and 
vehicles to a minimum ; and (6) although they do not furnish 
as secure a foothold for animals drawing heavy loads as 
stone blocks in narrow courses, or as cobble stones, still they 
do not become polished and slippery from continued wear. 

They are adapted to all streets with a grade not steeper 
than 1 in 48 to 1 in 50, except perhaps those thickly crowded 
with heavy loads, and liable to be kept constantly wet and 
slippery during the busiest hours of the day, from the 
accumulated urine of animals, and where the vehicles are 
subject to the inconvenience of frequent and sudden halts, 
starts, and sharp turns, like many of the streets in the lower 
portions of the city of New York, and especially like Broad- 
way below Fourteenth street, over every transverse section 
of which, from 12,000 to 14,000 vehicles of all kinds pass 
daily. In such localities it seems necessary that the pave- 
ment should possess that roughness of surface conferred by 
blocks laid with open joints directly or diagonally across 
.the street. 

Where the traffic is of a lighter character, or where there 
is ample room for conducting it without inconvenience, or 
where a large proportion of it is pleasure driving, and par- 
ticularly where the streets are lined with residences on either 
side, the many advantages of a good asphalt pavement, its 
cleanliness, its noiselessness, and its imperviousness to noxious 
fluids — ^important features in which it stands unrivaled — 
should not be lost sight of. 

Another consideration demanding the exercise of sound 
■judgment is that no pavement combines the opposite require- 
ments of an even surface for the wheels, and a suitably 
9 
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rough one for the liorses to travel upon, and a compromise 
of advantages must therefore be made in most cases. 

The wear of asphalt is quite small, its diminished thick- 
ness under traffic being principally due to compression and 
not to abrasion. 

It has been ascertained in London that some specimens of 
Val de Travers asplialt, subject to four years' wear in a street 
of the greatest traffic, had diminished about one-ninth in 
thickness, while its specific gravity had increased in about 
the same ratio. 

Some of the same material after fifteen years' wear, in 
Eue de Bergdre, Paris, was found to have lost 12i per cent 
of its thickness, but only 5 per cent of its total weight. 

This material is, to a great degree, a non-condnctor of 
vibration and of sound. It is much less sonorous than 
granite, and gives out very little noise from wheels. When 
X)roperly laid, loaded vehicles make no impression upon it. 
A four-wheeled truck weighing three tons, carrying a boiler 
weighing twenty-one tons, passed over a piece of asphalt 
pavement in Fifth Avenue near Twenty-fourth street, New 
York, without leaving any mark. This occurred in the last 
week in June. 

The asphalt covering rarely exceeds two or three inches 
in thickness, and readily adapts itself to any subsidence or 
movement of the surface on which it rests. A firm and un- 
yielding foundation is therefore an indispensable requisite of 
a good asphalt pavement. Concrete is recommended for 
this purpose, in all localities. 

As the asphalt surface is smooth and even when properly 
laid, oiforing but a trifling obstacle to surface drainage, a 
Qomparatively flat cross section is adn^issible, and, as ^ 
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precaution against horses falling, may be reyurded as indis r 
pensable^The inclination jtqwarj the side gntto r s s h o id ^ 

exceed 1 in 60^ J^or the same reason the grades must be 
^, preferably not steeper than 1 in 50, in order that 
great extra effort may be avoided either in pulling on the 
up grades, or in holding back on those that are descending. 

Streets with an undulating grade should not be paved 
with asphalt upon those portions steeper than 1 in 50. 

With suitable appliances, labor at 12.00 per day, natural 
American hydraulic cement at 11.50, or Portland cement at 
14.00 per barrel, and refined asphaltic cement at 1^ cents 
per pound, an asphalt pavement of the kind described on 
page 183, and following, can be laid for $2.70 to 2.80 per 
square yard, exclusive of profit to the contractor, as follows : 

Concrete foundation 6 inches thick (labor and material), $1.40 to $1 .45 
Asphalt covering 2 inches thick do do 1.30 to 1.35 



Total $2.70 $2.80 

This includes nothing for earth work, but supposes the 
road bed to have been suitably excavated or filled in, as the 
case might be, in readiness for the minor adjustments of 
grade and cross section, preparatory to laying the foundation. 

If the natural asphalt rock from Seyssel or Val de Travers 
be used for the covering, 80 to 90 cents per square yard 
will have to be added to the foregoing prices. In the city 
of Washington, tliese pavements of the natural rock have 
cost, within the hist six years, $4.25 per square yard inclu- 
sive of profit, 111 though the payment was made in depre- 
ciated securities. 

Among intelligent people, there are many, more orlesa 
familiar with bitumen and its uses, who claim that nc 
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asphalt pavement can be produced, equal to that made with 

• 

natural asphalt rock, because that rock is natural. This 
assumes that niiture leaves her work so nearly perfect, that 
improvemerft upon it is impossible, a premise that cannot be 
maintained. The crude petroleums possess very little value 
until they have passed through the laboratory of the prac- 
tical chemist ; and the mineral tars of the Jurassic region, 
when used for enriching tlie meagre bituminous limestone, 

or when added to that material in tlie manufacture of bitu- 
minous mastic, are always refined beforehand. The asphal- 
tic cement to which reference has been made on pages 182 to 
185 is prepared from the natural bitumens, and is identical 
in chemical composition, in color, tenacity, and all other 
physical features, with the best refined mineral tar, with this 
advantage over the mineral tar contained in the asphalt 
rock, that its consistency may be adapted to any climate, 
while the other is suited to but one. What is wanting in 
this respect can, however, be easily added for any latitude. 

Whether the amorphous pulverulent carbonate of lime, 
which forms the body of the asphalt rock, can be dispensed 
with and its place supplied from other sources, is that 
branch of this subject, to which the differences of opinion 
really attach. Until quite recently — say witliin the last 
eighteen months — the writer somewhat mildly took the 
negative of this question, and his views were published in 
a short article on hitumen^ in Johnson's New Universal 
CyclopaBdia. But the success of certain asphalt pavements 
in the city of New York, notably those in Fifth avenue near 
Twenty- fourth street, and in Eighteenth street east of Fourth 
avenue, leaves no doubt in his mind that the bituminous lime- 
Btone, and the mineral tars of the Jurassic region can both be 
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dispensed with in the future, for p:iving purposes. The two 
pavements referred to were not laid upon proper foundations, 
but directly upon the old block-stone and cobble-stone pave- 
ments set in sand. There has therefore been unequal settle- 
ment in the foundations to some extent, to which the sheet 
of asphalt has conformed, as it always will. In other respects, 
and indeed in all respects, involving the merits of the mate- 
rial in question, these specimens of street covering compare 
favorably with the asphalt-rock pavements of Paris and Lon- 
don, with which the writer is to some extent familiar both 
from personal examination, and from the written reports 
of experts. 

Comparative merits of Wood, Stone, and Asphalt 

Pavements. 

In this comparison only first-class pavements of their 
kind vvill be considered. The brick pavement described on 
pages 168 and 169 is omitted for want of sufficient data with 
regard to its durability and cost. Tiie asphalt block pave- 
ment, in the absence of direct personal knowledge respect- 
ing its several merits, is also omitted, although regarded 
with great favor. 

Durability. 

Assuming the foundation to be firm and solid, so that 
ruts and depressions cannot form upon the surface except 
from actual wear, a pavement of stone blocks, of first qual- 
ity as regards hardness and toughness, will possess the long- 
est life of the three, and one of wood blocks the shortest : 
asphaU. lies between the two and very near to the stone, and 
will fluctuate from this position w^ith the amount and kind ol 
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traffic, and the influences of the climate. As a rule wood 
must be regarded as the least durable. When it begins to 
go— at the end of two or three years, under heavy traffic — it 
wears rapidly into deep and numerous ruts, by the crushing 
of the blocks to their entire depth. Unless the stone be of 
excellent quality for pavements, it takes the second place in 
the order of durability, and asphalt the first. 

First Cost. 

The absolute cost of constructing the different pavements 
will of course vary very considerably with the locality. It is 
believed, however, that with few exceptions, the following 
order of cheapness will obtain throughout the United States : 
viz., first, wooden blocks; second, asphalt, on a solid cobble 
stone foundation ; third, asphalt, on a concrete foandation; 
fourth, stone blocks on a concrete foundation. 



Cost of Maintenance and 

Under this head the life or endurance is to be consid- 
ered, and the total expense must extend over and cover a peri- 
od of time representing that endurance, under the assump- 
tion that at the end of that period, the pavement is in as good 
a condition as at the beginning when it was new. The repairs 
for the first two or three years will be comparatively trifiing, 
and in some cities, more especially in England, it is custom- 
ary for the constructor to maintain the pavements in a 
good sound condition without charge for one, two, and 
sometimes three years, and subsequently for a longer period, 
seldom exceeding fifteen years, for a specified sum per squara 
yard per year. 

With regard to wood and asphalt, the recorded obserra* 
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tions make it certain that although a pavement of wooden 
blocks is less costly to construct than one of asphalt, not only 
is its annual cost for repairs greater, but its mean annual cost 
during its life, inclusive of the first cost, is also greater than 
that of asphalt. With regard to stone, there is a vast differ- 
ence in the endurance of hard and tough basalt or trap, and 
the average granite and gneiss. 

In economy of maintenance per year during the life time 
of a pavement, including its first cost, the hard basaltic trap 
rocks should be placed first, asphalt second, and wood third, 
exeept in localities where wood is very cheap and suitable 
stone cannot be procured, or is subject to heavy charge for 
transportation. Under such circumstances stone would take 
the third place and wood would rise to the first. Where 
wood and stone are both expensive, or the latter is not of 
the best quality with respect to toughness, asphalt would 
take the first position. 

Facility of Cleansing. 

Both mud and dust adhere with more tenacity to wood 
than to asphalt or stone, more especially after the fibres of the 
former begin to crush and abrade, and the order of merit in 
this respect will be first asphalt, second stone, and third 
wood, whether the cleansing be done by sweeping or by 
washing. It stands to reason that a smooth, even surface 
can be cleansed more rapidly than one cut up with numer- 
ous joints. 

Ck>nvenience. 

Mr. William Haywood, C.E., of Loudon, in his report 
*^fi8 to the relative advantages of wood and asphalt ft 
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lug purposes/' made to the commissioners of sewers of the 
city of London, March 17th, 1874, says that "asphalt is the 
smoothest, driest, cleanest, most pleasing to the eye, and 
most agreeable for general purposes, but wood is the most 
quiet." It might perhaps be better to say that the noise pro- 
duced by wood is of a different kind, which may be more 
disagreeable to some persons and less so to othera. Stone is 
the noisiest of all pavements. 

The noise produced by wood is a constant rumble, that 
by asphalt an incessant clicking of the horses' feet upon the 
street surface, with scarcely any noise from the carriage 
wheels, while stone gives out a deafening din and rattle 
from feet and vehicle combined. 

On the supposition that the surface is kept clean by 
either sweeping or washing, the difference in slipperiness 
between wood, stone that does not polish under wear, and 
asphalt, is not great, although enough, perhaps, to place 
asphalt last ; while a horse not only falls more frequently, 
but recovers himself less often and less easily upon it than 
upon the others, by reason of the joints in the latter, which 
give a foothold. When the surface is covered with mud, 
asphalt is the most slippery of the three, and very little mud 
makes it slippery. It cannot be said to be slippery when 
very dry, or, if free from mud, when very wet. 

In times of snow there appears to be little if any differ- 
ence in this respect between wood, asphalt, and stone, but 
under a sharp dry frost, asphalt and stone are generally quite 
dry and safe, while wood retains moisture and is very slippery. 

In the condition in whicli they are usually maintained, a 
slight rain adds to the slipperiness of each of these pave- 
ments, with this difference! that on asphalt and stone this 
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state begins with the rain or very soon thereafter, while 
the worst condition of wood ensues later. It however lasts 
longer than upon the others on account of its absorbent 
nature. With regard, therefore, to the convenience and 
comfort of those using the street, as well as those living 
adjacent thereto, the weight of opinion appears to place 
asphalt first, wood second, and stone third, for all streets 
except those habitually crowded with heavy traffic, in which 
case stone would rise to the first place and asphalt drop to 
the third. 

Hygienic Considerations. 

A practical and general recognition of the fact — so well 
known in the medical profession, and indeed among all 
ranks of cultured people — that the pavements of a city 
exert a direct and powerful influence upon the health of its 
inhabitants, has never been secured. Most people claim 
simply that a street surface should be hard and smooth with- 
out being slippery, and, as a measure of economy, that it shall 
be durable and easily cleansed ; but they go no further. 

The advantages of noiselessness are ]*ecognized by many 
upon various grounds ; by the large majority as simply con- 
ducive to comfort, but by few as conducive to health ; while 
the kind of material used, provided it satisfies the foregoing 
conditions, and the character of the surface is satisfactory 
with regard to continuity and impermeability, is far too 
generally considered to be a matter of small moment. 

The hygienic objections to granite, are first its constant 
aoise and din, and second its open joints which collect and 
retain the surface liquids, and throw off noxiou? vapors and 
6lthy dust. 

9* 
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In populous bowus there is scarcely a moment of silence, 
night or day. M. Fonssagrives, Professor of Hygiene at 
Montpelier, says, ^^ I cannot consider such a perpetual vibra- 
tion of the nerves as harmless even for those who have been 
born and bred in the midst of the noise. It is certain that 
it is a very genuine cause of erethism, and to it must be 
ascribed the prevalence of nervous temperaments and dis- 
eases in the large towns. . . I have known a young girl 
of seventeen years old, suddenly transported from the prov- 
inces to a noisy quarter of Paris, show the most alarming 
symptoms of nervous disorder, which did not subside until 
she returned to a quieter and less exciting atmosphere. At 
the periods of a woman's life when she is most subject to 
nervous maladies, this danger should be most carefully 
guarded against. And what shall we say of the nerves of 
children and invalids ? If the former are hard to rear in 
cities which create hysterics at eight years of age, some 
blame must certainly be laid upon the air they breathe and 
the moral conditions in which they have been educated ; 
but some part of the evil must be attributed to the influence 
exercised by noise on these little beings, in whose organiza- 
tion the cerebral predominance is the most marked feature. 
As for invalids, quiet is of the first importance, and the 
noise in the streets is the crudest stumbling block in the 
way of recovery." 

Dr. A. M'Lane Hamilton, Assistant Sanitary Inspector 
of the city of New York, in an official report dated October 
19, 1874, says, ''A quiet and noiseless street pavement 
would advance the health of the population to a great extent. 
The sufferer from nervous diseases would find relief from 
the noise of empty omnibuses and wagons rumbling or rat- 
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tling on the rough stones, in the event of a removal of this 
nuisance. In fact there would be many more sanitary 
benefits resulting from a change than I can here detail." 

It is not deemed necessary to enlarge further upon this 
point. The writings of eminent medical practitioners are 
full of testimony to the pernicious influence of street noise 
and din upon the health of the population, particularly upon 
invalids and persons with sensitive uerves. 

The noisome and noxious exhalations emanating from 
the putrescent matter, such as horse-dung and urine, col 
lee ted and held in the joints of stone pavements, constitutes 
another sanitary objection to their use in populous towns. 
Exceptions to wood may be taken upon the same, and even 
upon stronger grounds, for the material itself undergoes 
inevitable, and, sometimes, even early and rapid decay, in 
the process of which the poisonous gases resulting from 
vegetable decomposition are thrown off. 

The joints of a block pavement, whether of wood or 
stone, constitute, after enlargement by wear, fully one- 
third of its area, and under the average care, the surface of 
filth exposed to evaporation, covers fully three-fourths of 
the entire street. This foul organic matter, composed 
largely of the urine and excrement of different animals, is 
retained in the joints, ruts, and gutters, where it undergoes 
putrefactive fermentation in warm damp weather, and be- 
comes the fruitful source of noxious effluvium. In dry 
weather this street soil, of which horse-dung is a large 
ingredient, floats in the atmosphere and penetrates the 
dwellings in the form of unwholesome dust, irritating to 
the eyes and poisonous to the organs of respiration. Its 
damage to furniture, though serious, is unimportant in 
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connection. In the side gutters and underlying soil the 
foul matter exists in a more concentrated form, the supply 
being constantly renewed from the crown of the street, and 
in many districts, from the filthy surface drainage of back- 
ways and alleys peopled by the poorer classes. Is it too 
much to say that under such circumstances, the infant 
population, and especially the children of poor people, in 
large towns, can only be reared under such predispositions 
to disease, as will constitutionally render them an easy prey 
to epidemics in maturer years ? 

The foregoing are some of the leading hygienic objections 
to pavements laid in blocks, whether of stone, wood or other 
material. There are others pecuiiar to wood alone arising 
from its decay, its natural porosity, and the spongy char- 
acter conferred upon it by wear and crushing. 

^* Impregnation of the wood with mineral matters, to pre- 
serve it from decay, may diminish these evils, but nothing 
as yet tried prevents the fibres being separated, and the 
absorption of dung and putrescent matter by the wood 
being continued. The condition of absorbing mere moist- 
ure is of itself bad, but when the surface absorbs and 
retains putrescent matter, ^uch as horse-dung and urine, it 
is highly noxious. The blocks of pavement with this 
material are separated by concussion, and are thus rendered 
permeable to the surface moisture. Mr. Sharp, who exam- 
ined some blocks taken up for re-pavement, states that he 
found them perfectly stained and saturated with wet and 
urine at the lower i^ortions, while the upper portions were 
dry. Mr. Elliott, a member of the society, and for many 
years a deputy of the Common Council of the city of London, 
has carefully observed the trials of new modes of pavement 
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there, and objects to the wood that it is continuously wet and 
damp. ^ Wood is porous ; it is composed of bundles of fibres. 
It absorbs and retains wet, foul wet especially. The fibres 
of the wood are placed vertically, the upper ends whereof 
fray out, are abraded and become like painters' brush stumps, 
and are fdmost permanently dirty, or they break like the 
handle of a chisel which has been struck with an iron ham- 
mer or wooden mallet.' This fact is beyond all question. 
Wood is wet or damp, more or less, except during continued 
very dry weather. Its structure is admirably adapted to 
receive and hold, and then give off in evaporation, very foul 
matters, which taint the atmosphere and so far injure 
health." (Report of P. Le Neve Foster, Secretary, Society 
for the Encouragement of Arts, Manufactures, and Com- 
merce : London. 1873.) 

Physicians assert that hospital gangrene frequently 
results from gashing the wooden floors of the wards with 
water, and that on shipboard, new or moist timber, between 
decks, impairs the healtli of the sailors. Fatal epidemics at 
sea have been traced to timber that has become saturated 
with putrescent matter, or wet with bilge water. 

Prof. Fonssagrives, of France, says: *^ The hygienist can- 
not, moreover, look favorably upon a street covering consist- 
ing of a porous substance capable of absorbing organic matter, 
and by its own decomposition giving I'ise to noxious miasma, 
which, proceeding from so large a surface, cannot bo re- 
garded as insignificant. I am convinced that a city with a 
damp climate, paved entirely with wood, would become a 
city of marsh fevers." 

The dust produced by the abrasion and wear of a wooden 
pavemeut is regarded by physicians as extremely irritating to 
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the organs of respiration, and to the eyes, and being light 
in weight, it floats longer in the atmosphere and is carried 
to a greater distance, than that from any other suitable 
material in use for street pavements. 

The evidence, from a sanitarian point of view, against 
the use of wood for paving puiposes in populous towns, is 
very strong, but the evils are not developed to the same 
extent in all localities. Decomposition begins in two or 
three years in clayey and retentive soils, while it is very 
considerably retarded and the wood remains habitually drier 
and emits less effluvia where the subsoil is sandy and porous. 

The most characteristic features and properties of asphalt 
pavement have been briefly summarized on page 176 and it is 
not deemed necessary to repeat or enlarge upon them here. 
Professor Fonssagrives remarks that, ** The absence of dust, 
the abatement of noise, the omission of joints — permitting a 
complete impermeability and thus preventing the putrid 
infection of the subsoil — are among the precious benefits 
realized by asphalt streets." 

Upon hygienic grounds, therefore, asphalt conspicuously 
stands first, stone second, and wood third, in order of merit 

The correct inference from the foregoing discussion is 
that no one pavement combines all the qualities most desir- 
able in a street surface. It cannot be sufficiently rough, or 
sufficiently soft, to give the animals a secure foothold, and at 
the same time possess that smoothness and hardness which 
is so essential to easy draught. The advantages of open joints 
and entire freedom from street filth cannot exist together, 
under any reasonably cheap method of cleansing the surface. 

A pavement of impermeable blocks, if laid upon a solid 
Joundation, may be coiistvucted and maintained in a w^t^l 
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tight condition, by thoroughly calking the joints with 
suitable material, leaving the surface sufficiently rough and 
open to obviate the objection to a continuous monolithic 
covering, but roughness, combined with the requisite hard- 
ness, is incompatible with the freedom from noise attainable 
with some kinds of acceptable street surface. 

In order, therefore, to obtain the best pavement for any 
given locality a judicious balancing of characteristic merits is 
generally necessary. The best pavement, so far as we now 
know, for all the busiest streets of a populous city, where the 
traffic is dense, heavy and crowded, is one of rectangular 
stone blocks set on a foundation as good as concrete, or as 
rubble stone filled in with concrete ; and the next best is 
one of Belgian blocks set in tlie same manner. 

The best pavement for streets of ample width, upon 
which the daily traffic is not crowded, or for streets largely 
devoted to light traffic or pleasure-driving, or lined on 
cither side with residences, is continuous asphalt for all 
grades not steeper than 1 in 48 or 50. 

If the blocks of compressed asphalt fulfill their present 
promise, they may be able to replace those of stone upon 
streets where the latter are now preferable to a sheet of 
asphalt on account of the steepness of the grade. 

It has been urged, as an objection to a concrete founda- 
tion, that it is difficult to take up in order to reach the gas and 
water pipes. This is true only in the sense that good work 
is not easily taken to pieces. But such a foundation when 
torn up or deranged from any cause, can readily be restored 
to its former condition, and the pavement relaid upon it 
with all its original smoothness, firmness, and stability, con- 
ditions which do not obtain with any kind of pavement laid 
apon a bed of sand or graveL , 
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SIDEWALKS AND FOOTPATHS. 

Sidewalks and other footpaths are usually payed with 
flagging' stone, bricks, wood in the form of planks or blocks, 
or some variety of concrete in which either bitumen or 
hydraulic cement is the binding material. Various kinds 
of artificial stone have been used for the same purpose. 
Most of the pavements above named are so well known as to 
need no mention here. 

Ooncrete Footpaths. 

Concrete footpaths should be laid upon a form of 
well compacted sand or fine gravel, or a mixture of sand, 
gravel and loam. The natural soil, if sufficiently porous to 
provide thorough sub-drainage, will answer. 

It is not usual to attempt to guard entirely against the 
lifting effects of frost, but to provide for it by laying the 
concrete in squares or rectangles, each containing from 
twelve to sixteen superficial feet, which will yield to upheaval 
individually, like flagging stones, without breaking and with- 
out producing extensive disturbance in the general surface. 
When a case arises, however, where it is deemed necessary to 
prevent any movement whatever, it can be done by under- 
lying the pavement with a bed of broken stone, or a mixture 
of broken stone and gravel, or with ordinary pit-gravel con- 
taining just enough of detritus and loam to bind it together 
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In high latitudes this bed should be one foot and upwards in 
thickness, and should be so thoroughly sub-drained that it 
will always be free from standing water. It is formed in 
the usual manner of making broken stone or gravel roads, 
already described, and finished off on top with a layer of 
sand or fine gravel about one inch in depth for the concrete 
to rest upon. 

The concrete should not be less than 3^ and need rarely 
exceed 4 to 4^ inches in thickness. The upper surface to 
the depth of i inch should be composed of hydraulic cement 
and sand only. Portland cement is best for this top layer. 
For the rest any natural American cement of standard 
quality will answer. The following proportions are recom- 
mended for this bottom layer : 

Rosendale or other American cement 1 measure. 

Clean sharp sand 2J^ ** 

Stone and gravel 5 ** 

It is mixed from time to time as required for use, and 
is compacted with an iron-shod rammer, in a single layer, to 
a thickness, less by half an inch than that of the required 
pavement. 

As soon as this is done, and before the cement has had 
time to set, the surface is roughened by scratching, and the 
top layer composed of 

1 volume of Portland cement, and 

2 to 2^ volumes of clean fine sand, 

is spread over it to a uniform thickness of about 1-J inches, 
and then compacted by rather light blows with an iron-shod 
rammer. By this means its thickness is diminished to half 
an inch. It is then smoothed off and polished with a 
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mason's trowel, and covered up with hay, grass, sand, or 
other suitable material to protect it from the rays of the sun 
and prevent its drying too rapidly. 

It should be kept damp and thus protected for at least 
ten days, and longer if circumstances will permit ; and even 
after it is opened to travel, a layer of damp sand should be 
kept upon it for two or three weeks to prevent wear while 
tender. 

At the end of one month from the date of laying, the 
Portland cement mixture forming the top surface will have 
attained nearly one-half its ultimate strength and hardness, 
and may then be subjected to use by foot passengers without 
injury. 

The rammers for compacting the concrete should weigh 
from 15 to 20 pounds, those used on the surface layer from 
10 to 12 pounds. They are made by attaching rectangulak 
blocks of hard wood shod with iron, to wood handles about 
3 feet long, and are plied in an upright position. 

Certain precautions are necessary in mixing and ram- 
ming the materials, in order to secure the best results. 
Especial care should be taken to avoid the use of too much 
water in the manipulation. The mass of concrete, when 
ready for use, should appear quite incoherent and not wet 
and plastic, containing water, however, in such quantities 
that a thorough ramming, with repeated though not hard 
blows, will produce a thin film of moisture upon the surface 
undei the rammer, without causing in the mass a gelatin- 
ous or quicksand motion. 

The concrete may be prepared by hand, or in the con- 
crete mixture Fig. 64. Equal care is essential in mixing and 
compacting the top layer of Portland cement and sand. The 
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tnixing should be so thorough that each grain of sand will 
be entirely coated witli a thin film of phistic cement, with 
vei'y little excess of cement not thus disposed of. 

A characteristic property of this mixture when properly 
and uniformly prepared, is that it does not assume a jelly- 
like motion under the rammer. Excess of water must 
therefore be carefully avoided. The cement must be pre- 
cisely such that the effect of each blow of the rammer will 
be distinct, local, and permanent, without disturbing the 
contiguous material compacted by previous blows. If it bo 
too moist the mass will shake like wet clay ; if it be too dry 
it will rise up around the rammer like sand. In either case 
the mass cannot be suitably compacted by ramming, and 
would therefore be comparatively weak and porous after 
setting. 

The Portland cement and sand may be mixed together 
by hand on a mortar bed, but that process, to obtain 
thorough and uniform mani})ulation, would be tedious and 
expensive. A better method would be by a cubical box of 
somewhat smaller dimensions than tlie concrete mixer 
referred to above. A kind of trituration, or a grinding and 
rubbing process of mixing gives the best results. This may 
be easily and inexpensively secured by putting in the box, 
with the cement, sand, and water, several smooth rounded 
pebbles weighing 6 to 8 pounds each. After the batch is 
emptied out upon the platform, these are taken out for 
further use.* 

* The writer's previous publications, viz., ** Limes, Hydraulic 
Cements and Mortars," and ** Beton Agglomere and other Artificial 
Stones/' give full details on this branch of the subject. They an 
published by D. Van Nostrand New York City. 
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When silicioiis hydraulic lime, like that of Tell, Frauca, 
can be procured at moderate cost, it can be used with advan- 
tage to replace one-third to one-half of the Portland cement, 
care being taken to so adjust the proportions that the vol- 
ume of paste produced by mixing and tempering the cement 
and lime together, shall exceed by about 25 per cent the 
volume of voids in the sand, as ascertained by the water 
test. 

In laying concrete footpaths in squares or rectangles, the 
material is spread and rammed between stout planks set 
and firmly maintained on edge, with their upper edge coin- 
cident with the surface of the path, every alternate square 
being omitted in the first instance, to be subsequently filled 
in, — say on the following day — after those first formed have 
become sufficiently hard to sustain^without injury, the ram- 
ming of the fresh concrete against them. To prevent 
adhesion between the squares, tlie edge against which the 
new material is placed may be covered with whitewash, or a 
coat of oil. A strip of felt, muslin, or curd board interposed 
between the squares will answer the same purpose, although 
this device is covered by the Schillinger patent. 

One advantage of this kind of footpath, over that formed 
in a continuous layer, is that the squares can be taken up to 
get at water and gas pipes, and then rephiced without injury. 
In some cases it may be advantageous to mould the squares 
under sieds, and then lay them like common flagging-stones, 
after they have become sufficiently strong to bear handling 
and transportation. Three weeks will generally suffice for 
this purpose. It will be found unadvisable to make them 
larger than three to threj and a half foet square. 

The Schillinger pavement for footpaths, which is patented 
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in respect to the method of preventing adhesion between the 
squares, is formed substantially after the manner above de- 
scribed, with this important exception and defect, that the 
top layer, which receives all the wear, instead of being mixed 
with very little water and compacted by ramming, is applied 
in a plastic condition as a coat of mortar. It is therefore 
comparatively deficient in hardness, compressive strength 
and the power of resisting frost. Its want of compressive 
strength, in particular, was fully proved by experiments in 
1871, recorded in the volume on "B6ton Agglom6r6 and Other 
Artificial Stones," from which the table page 214 is taken. 
It shows in a marked manner the superior strength of a 
mixture that can be compacted by ramming ; as well as the 
superiority of Portland to Kosendale cement. 

The surface layer of the concrete pavement above de- 
scribed, resembles in all essential respects the artificial stone 
to which the name beton agglom6r6 has been given in France, 
Bometimes known as b6ton Coignet, from M. Francois Coignet 
of Paris, who first introduced it. In France, however, 
the silicious hydraulic lime of Teil replaces the Portland 
cement to a large extent, some of the strongest samples of 
the stone having been made with 1 measure of this lime 
(slaked and in powder) f of a measure of dry Boulogne Port- 
land cementj and 4 measures of sand. The compressive 
strength of this mixture, when 21 months old, was reported 
by Mr. P. Michelot, ingenieur-in-chief des Ponts et Chaussce 
to be 7176 lbs. per square inch for one specimen, and 7405 
lbs. for another. The specimens were rectangular blocks 3^ 
inches deep, 3 inches long and 2^ inches wide. 
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Proportirn of Sand and Cement 
by Meannre (dry). 


How Mixed. 


Crui»hi)ig Birun^tli 

of Blocks in gross 

tons. 


Kosendiile cement, no 


) sand 


Not plastic. 


6.25 


do. do. 


do 


Plastic, 


0.90 


Portland cement, no 


sand 


Not plastic. 


24.65 


do. do. 


do 


Plastic. 


22.32 


Rosendale cement, 1. 


Sand, 1.2 


Not plastic. 


2.67 


do. do. 


do. 


Plastic. 


0.45 


Portland cement, 1. 


Sand, 1.7 


Not plastic. 


24.10 


do. do. 


do. 


Plastic. 


8.92 


Rosendale cement, 1. 


Sand, 1.8 


Not plastic. 


1.00 


da. do. 


do. 


Plastic. 


0.53 


Portland cement, 1. 


Sand, 2.55 


Not plastic 


12.50 


do. do. 


do. 


Plastic. 


8.47 


Rosendale cement, 1. 


Sand, 2.35 


Not plastic. 


1.34 


do. do. 


do. 


Plastic. 


Went to pieces 
in water. 


Portland cement 1. 


Sand, 3.4 


Not plastic. 


8.00 


do. . do. 


do. 


Plastic. 


6.25 


Rosendale cement, 1. 


Sand, 3,5 


Not plastic. 


0.45 


do. do. 


do. 


Plastic. 


Went to pieces 
in water. 


Portland cement, 1. 


Sand, .5 


Not plastic. 


4.46 


do. do. 


do. 


Plastic. 


2.23 


Rosendale cement, 1. 


Sand, 4.7 


Not plastic. 


0.40 


do. do. 


do. 


Plastic. 


Went to pieces 
in water. 
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The table gives the compressive strength of blocks 3i 
inches wide, 5^ inches long, and 3 inches thick, the area 
under pressure being 19^ square inches. Some of the blocks 
were made with little water and compacted by ramming, 
others with plastic, rather over-stiff mason's mortar, firmly 
pressed into the moulds with a trowel. The Portland 
cement was made at Boulogne, Prance. The blocks were 7 
days old, having been kept in water 6 days. 

Asphalt Footpaths. 

Asphalt sidewalks may be laid after either of the two 
methods described for pavements for carriage ways, but the 
thickness of the foundation, if of concrete, need not gener- 
ally exceed 3 to 4 inches, and that of the asphalt covering 
may be restricted to from f to |^ or at most f of an inch. 

In compact clayey soils the foundation should rest upon 
a lay of sand or gravel, 4 to 5 itjches in thickness, to secure 
sub-drainage, and guard against upheaval by frost. The 
various patented pavements containing coal tar, resin, pitch, 
etc., will generally answer as a foundation for the asphalt 
layer. 

Asphalt in the form of Bituminous Mastic is also used for 
paving sidewalks. This mastic may be prepared by heating 
together, In a covered iron boiler, mineral tar either nat- 
ural or manufactured, (see page 173 and 152) and certain 
calcareous, silicious, or earthy substances previously reduced 
to powder, and it differs from the mixture used for paving 

carriage ways only in containing a little more of the min- 
eral tar. 

The bituminous mastics of Seyssel or Val de Travers an 

jircpared by mixing the bituminous limestone from tb 
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localities, previously pulverized by grinding or by roasting, 
with the mineral tar denved from the impregnated sand- 
Btone. In the Seyssel limestone 7 to 8 per cent of tar must 
generally be added, while that from Val de Travers will 
seldom require more than 4 to 5 per cent of tar. The tar 
required for a given quantity of mastic is first heated in the 
iron boiler, until the liquid begins to emit a whitish vapor. 
The powdered stone is then added little by little, care being 
taken not to add it in quantities large enough to cause a 
sudden lowering of the temperature. The emission of a 
yellowish or brownish vapor indicates too high a degree of 
heat, when the fire must be reduced and the mass stirred 
rapidly, to prevent injury to the mastic by scorching. 

For convenience of handling, the mastic is moulded into 
blocks measuring about 20 inches by 12 inches by 6 inches. 
When used it is broken up into small fragments and re- 
melted, 2 to 3 per cent of mineral tar being then added to 
compensate for loss at the second heating. 

The pulverization of the bituminous limestone prepara- 
tory to its incorporation with the mineral tar may be effected 
by either grinding or roasting. 

For grinding it is simply broken up into pieces about the 
size of a hen's egg and then passed through any ordinary 
mill. The grinding can best be conducted in cold dry 
weather, as the stone is then less liable to cake in the mill. 

For roasting, the stone is first broken up as for grinding, 
and then gently lieated in a covered iron vessel, accompanied 
by constant stirring with an iron instrument, which causes 
the fragments to disintegrate and fall into a partially cohe- 
rent powder. 

Bituminous mastic is suitable for paving sidewalks, 
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cellars, areas, markets, and for covering walls and arches to 
exclude water, and prevent leakage. 

It is extensively used in fortifications for covering the 
arches of gun-casemates and powder magazines before the 
earth covering is put on. When employed for pavements it 
should be laid upon a concrete foundation of sufficient 
thickness to support, without settlement or other disturbance, 
the greatest weight likely to come upon it. This thickness 
will therefore depend upon the character of the underlying 
soil, but will rarely exceed 3 inches. The thickness of the 
mastic covering is usually f to f of an inch. It is applied 
by spreading it while hot and plastic, with a wooden trowel 
or spatula, great care being taken to form a water-tight junc- 
tion between contiguous strips. Before applying the mastic 
upon hydraulic concrete the latter should be covered with a 
very thin slipped coat of common lime mortar ; just enough 
to make it smooth. 

As bituminous mastic contains more of the mineral tar 

or asphaltic cement than the mixture for street pavements 
heretofore described, it is softer than that mixture, at the 
same temperature, and is never used for paving carriage 
ways, or where it will be subjected to the continued tread of 
heavy animals. It is doubtful whether it is as good even for 
BidewalkSj as asphalt applied in the usual way by ramming. 
Where sidewalks have vaults beneath them, it is impor- 
tant that the percolation of water from the top as well as 
from the side walls next the street should be prevented. 
When the vaults are covered with arches, a layer of bitu- 
minous mastic, and even of some of the best coal tar prepara- 
tions, properly laid over tlie arches before the earth fillin^^' 
18 put on will prevent leakage from the top. ^. 

10 
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Another method is to keep the arches so low that a 
monolithic bed of cement concrete, rather rich in good 
cement mortar, and not less than 4 to 5 inches in thickness 
over the crowns of the arclies, can be put over the entire 
width occupied by the vaults and the side wall next the 
street, the top surface of the concrete being finished with a 
coat of rich cement mortar, at the proper height and slope 
to receive the pavement. 

Another method still is to omit the arches altogether, 
and span the entire width of the sidewalk with stone plat- 
forms 8 to 10 inches in thickness, of which the outer edges 
take the place of the curb stones, and the top surfaces that 
of the side- walk pavement. These platforms fit closely to- 
gether at the edges, which are calked to render them water 
tight, and they may rest upon intermediate piers or columns, 
wherever danger is apprehended of their inability to support 
the greatest weight which may be placed upon or moved 
over them. 

The vault wall next the street, if properly constructed 
of rich cement concrete in a monolith 15 to 18 inches 
thick, will exclude the water perfectly. If of brick laid 
in bituminous mastic, with all the vertical joints compactly 
filled with the same material, it will also be water tight if 
only 12 inches in thickness. But if the bricks are laid in 
cement or lime mortar, the exterior face of the wall should 
be coated with bituminous mastic, throughout its entire 
height, special cure being taken to secure a perfect junction 
between this surface and the roof surface. The filling 
directly against this wall should be coarse sand or gravel, so 
that any water from the side gutter will promptly run off. 
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Brick Footpaths. 

Brick pavements, if laid with carefully selected hard-burni 
Drick, make very good footpaths for streets devoted mainly 
to residences, or where there is very little loading or unload- 
ing heavy goods at the curb. The bricks should be laid on 
their edges, with their longest dimensions directly or diag- 
onally across the walk, upon a form of well compacted gravel 
or coarse sand, or preferably upon a foundation of creosoted 
boards firmly bedded with a uniform bearing on the sand, to 
the required inclination. The boards prevent the unequal 
settlement, almost certain to ensue if they are omitted, in 
consequence of the narrow bearing surface of the bricks. 

Flagging Stone Footpaths. 

Flagging stones laid upon a form of sand or gravel, or 
iirectly upon the natural soil when light and porous, form, 
probably, of all the materials above mentioned, the best 
sidewalk pavement, and, all things considered, give the most 
general satisfaction, where they can be procured of good 
quality and at reasonable cost. The North (Hudson) River 
blue stone flagging has for many years been in extensive 
demand for this purpose, in cities and towns of the Atlantic 
States, north of the Carolinas, located upon water routes. 
It is strong, hard, and durable, does not polish and become 
slippery under wear, and resists frost and does not break from 
upheaval by it, unless unusually broad and thin. The quar- 
ries yield slabs of any required thickness and superficial area. 

Broken Stone and Gravel Footpaths. 
A very good footpath, suitable for parks, and for the 
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sidewalks of country roads and suburban streets, can be 
made with broken stone or gravel, or with a mixture of the 
two, applied in substantially the same manner and to about 
half the thickness described in Chapter III, for the coastruc- 
tion of road coverings. 

After the footpath bed has been excavated to the re- 
quired width and depth, it should be compacted by a gar- 
den roller or by ramming, unless the soil be sufficiently firm 
without it. 

If the soil be wet and clayey, or if it be at all infested 
with springs, a tile drain of 1^ to 2 inches bore should be 
laid below the reach of frost, under the centre of footpaths, 
other than sidewalks, and the trench filling above it should 
be a sandy or gravelly mixture that will allow the water to 
percolate freely through it. The subdrainage of sidewalks 
is presumed to be suitably provided for in connection with 
that of the roadway. 

The lower layer of material to the depth of 4 or 5 inches 
may be small rubble, or field cobble stone, or the refuse of 
quarries, and of inferior quality. After it is put in place a 
roller or rammer may be passed over it, and the interstices 
partially filled up by breaking off the projecting fragments 
with a hammer ; or the required evenness may be secured by 
a second thin layer of smaller stones. A surface of suitable 
gravel, 2 inches in thickness, a])plied in two layers, with 
the necessary raking, sprinkling, and rolling, comi)letcs 
the walk. The surface layer should be of small screened 
gravel, when practicable. 

For park walks the transverse form of the surface should 

be convex, and the sides of tlie walk, where no paved aide 

^ gutters are used, should be sufficiently high to discharge 



FABRICATION OF CONCRETE. 221 

the surface water upon the adjacent turf. In some cases it 
will siiflSce to take up the sod on either side of the walk for 
a width of 24^ to 3 feet, and reset it in the form of a 
shallow trench, called a sod-gutter, provided with suitable 
outlets — covered or open drains — at the lowest levels, for 
arrying off the surface water. 

If it be found that the surface water is not promptly 
conveyed away by these means, or if it injures the sod by 
wearing it into gullies, the walks must be provided with 
paved gutters, on one or both sides, as circumstances may 
require. A neat and durable gutter may be formed of small 
cobble stones, such as can usually be found in gravel pits. 

Where an area embraced by a system of park walks is not 
susceptible of easy and sightly surface drainage, one or more 
main covered drains should be constructed, with a sufficient 
number of branches to collect the water from grated silt- 
basins located in the depressions of the side gutters. The 
location and size of these drains, will be governed by the con- 
figuration of the ground, the kind of soil, and other circum* 
stances of a special and local character. 

The extensive use of hydraulic cement concrete recom- 
mended in this volume renders it proper that some general 
directions for its fabrication should be given for the informa- 
tion of those not familiar with its properties. The following 
is condensed from the fifth edition of the writer's work on 
"Limes, Hydraulic Cements, and Mortars."* 

Hand-made Concrete. 

Each batch of mortar or concrete should correspond to 
one cask of the cement. In mixing it by hand labor, four 

* D. Van Nostrand, Publisher, 33 Murray Street, New York. 
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men constitnte a gang for measuring out and mixing the 
ingredients, who proceed to the several steps of the process in 
the following order : 

First, The sand is spread upon the platform in a rec- 
tangular layer about two inches in thickness. 

Second. The dry cement is spread equally all over the 
sand. If lime be used as oue of the ingredients, it should 
first be slaked to a powder by sprinkling, and then mixed 
with the dry cement, before the latter is spread over the sand. 

Third. The men place themselves, shovel in hand, two 
on each side of the rectangle, at the angles, facing inwards. 
Furrows of the width of a shovel, are then turned outwai'd 
along the ends of the rectangle, until the whole bed is 
turned. The two men on one side then find themselves 
together, and opposite the two on the other side, having, of 
course, left a vacant space transversely through the middle, 
of double the width of a shovel. They then move quickly 
to the ends of the wide furrow and turn successive 
furrows inward, when the bed occupies the same space that 
it did previous to the first turning. The turning is executed 
by successively thrusting the shovel under the material, and 
turning it over about one angle as a pivot. Each shovel thus 
moves to the middle of the bed, where it is met by the one 
opposite, when each man moves back to the side, in dragging 
the edge of the shovel over the furrow he has just turned. 

Fourth. A basin is formed by drawing all the material 
to the outer edge of the bed. 

Fifth. The water is poured into the basin thus formed. 

Sixth. The material is thrown back upon the water, 
absorbing it, when the bed occupies the same space that it 
iid in the beginning. 
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Seventh. The bed is turned twice, by the process above 
iescribed. If required for mason's use, the mortar is heaped 
up, to be carried when and where required. If for concrete 
(the mortar occupying the rectangular space as at first). 

Eigldh. The coarse materials (whether broken stone, 
bricks, gravel, shells, or a mixture of two or more or all of 
them) are spread equally over the bed. 

Ninth. A bucket full of water more or less (depending 
on the quantity of stone, their absorbing power, and the 
temperature of the air) is sprinkled over the bed. 

Tenth. The bed is turned once as before, and then 
heaped up for use. The act of heaping up, when done with 
care, has the eftect of a second turning. 

The time consumed in making a batch of concrete, com- 
posed of one barrel of cement, two and a half to throe barrels 
of sand, and five or six barrels of the course materials, is from 
twenty-five to twenty-eight minutes. An experienced gang 
of first-rate laborers can do it in a Uttle over twenty min- 
utes. If lime be added, the amount of sand and coarse 
materials, and the time required for mixing are proportionally 
increased. 

KUl-made Concrete. 

MiU-made concrete poissess^^n sufficient snperioritj orer 
that manipulated by hand, to jujstify the expense of provid- 
ing suitable power and mac-hinery, when operations of con- 
siderable magnitude are U/ be carried on. The more 
thorough maDipnlation secured by mi'';h:nery, enables a 
smaller proportion of the cementing su3>-Uince to be used, 
and efieetB a nTing in the cost of \ftth materials aad 
lahn; 
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The Oubioal Concrete Uixer. 

This mixer, Fig. 64, consists of a cubical box made <A 
hard-wood plank or boiler iron, meaBuring abont four foet 
on each edge in the interior, rigidly mounted on an iron 




axle passing through opposite diagunal corners. It ia 
provided with a trap door about two feet square, close to one 
of the aix angles fiirthest from the axle, for charging and 
emptying the box. Eight to ten revolutions of the boi. 
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made in less than one minnte, are found to beqnite sufficient 
to i)roducc a thorongh incorporation of the ingredients. A 
small steam hoisting engine, which may be used for other 
jiurposes at the same time, furnishes the best power for turn- 
ing the mixer, and screw gearing is probably the best method 
of applying it. 

The mixer is charged through a hopper, by means of a 
tub, swung from a common derrick crane, and holding just 
one batch of concrete, the Tolume of which should not exceed 
one- third to two-fifths the entire capacity of the box. 

The crane should of course be worked by the same power 
that turns the box, and should have a sweep reaching from 
the platform where the materials are measured to the 
hopper. 

The process should be conducted in the following order : 

First and Second, spread the sand and the cementing 
material upon the platform, as in direction for hand -made 
concrete. 

Third. The dry materials may be mixed together u-ith 
shovels, as for hand-made concrete, or they may be only 
partially incorporated by long teethed rakes passed back and 
forth through them without disturbing the pjosition of the bed. 

Fourth. Empty the coarse materials upon the bed of 
sand and cement and spread them over the same, not neces- 
sarily with much care. 

Fifth. Dash over the bed the requisite quantity of 
water, in such manner that it will be ab^rbed by the 
material, and not run off upon the platform. 

Sizth. Shovel the materials into the tub, taking care 
that each shovel full shall contain a portion of each oi the 
ingredients 
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Seventh. Empty the tub into the box and set the latter 
in motion. 

Eighth, After ten or twelve revolutions, occupying 
about one minute, stop the motion, open the trap-door 
and empty the mixed concrete into the tub, so that it can 
be deposited by the crane in some convenient spot within its 
sweep, and thus be out of the way of the succeeding batch. 

It will generally be found convenient to convey the con- 
crete to its allotted place in wheel-barrows. It should be 
compacted with rammers, in horizontal layers 5 to 6 inches 
in thickness, until all the coarse materials are driven below 
or flush with the general surface. 

As a rule concrete should be compacted in place before 
the cement has had time to take its initial set. Where the 
cement contains quicklime, a delay of a few hours is some- 
times necessary to allow the lime to become thoroughly 
slaked. 



CHAPTER VII. 

TRAMWAYS, AND STREET RAILWAYS. 

A horse can draw, upon a good stone tramway, a load 
11 times as great as lie can move with the same efiEort and 
at the same speed upon an ordinary gravel road, the force 

of draught being only -j^r ^^ ^^® ^^^^ i^^ ^^® ^^^^ instance 
while in the second it is -j^. Even upon a very dry and 
smooth broken stone road — i. e, a macadamized road in its 
best condition — the tractive force is 3| to 4 times as great 
as upon a good stone tramway. 

The marked advantages of a hard smooth surface for 
the wheels of heavy vehicles to move upon on the one hand, 
and the comparatively great expense of providing such sur- 
faces on the other, has led to the practice in some localities of 
restricting the width of the wheel tracks to what will simply 
suffice for the convenient use of the several kinds of vehicles 
upon which the traffic as conducted, while the rest of the 
roadway is finished with a less costly covering. 

A construction of this kind is called a tramway, which 
consists of two parallel tracks of suitably smooth and hard 
material to receive the wheels, while the spaces between 
them on which the animals travel, as well as the road sur- 
face on either side, is paved with a different material. 

The wheel tracks are usually of stone ; occasionally of 
wood or iron. 

As tramways are intended for the ecjual and commow 



228 ROADS, STBEETS, AND PAYEHENTS. 

use of all classes of vehicles, and not, like street railways, for 
the exclusive benefit of specially constructed cars restricted 
to one kind of traffic, their construction and maintenance 
properly belong like street paving to the municipality, 
rather than to private corporations. They possess certain 
advantages over street railways in being adapted to ever] 
variety of traffic and vehicles, with entire freedom to leavt 
the tram when needful without becoming helpless or ineffi- 
cient, and return to it as occasion or convenience may sug- 
gest. Stone tramways are in general use in Southern 
Europe, particularly in Turin, Milan, Yerona, and many of 
the smaller cities and towns of Northern Italy. 

The Italian Tramways. 

The Italian stone tramways consist of two parallel lines 
of granite blocks or slabs, each slab being usually about 
2 feet in width transversely, 8 inches in thickness, and 4 to 
6 feet in length. The blocks are laid end to end with close 
joints. The clear distance between the two lines is aboul 
2 feet 4 inches, making the width between the two axes 
or center lines 4 feet 4 inches, which is about the average 
width between the carriage wheels. The roadway is usually 
formed with a slight inclination from the sides toward the 
centre, the tramway blocks being laid to the same inclina- 
tion, with their upper surfaces flush with the road surface 
on both sides. 

The horse track between the blocks is therefore the 
lowest part of the road. It is paved with cobble stones from 
the neighboring streams, forming a shallow concave channel 
along which the surface water flows away into suitable cross 
^rarns, 
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The wings of the road may be paved, Macadamized, 
graveled, or left as earth roads. 

The foundation for these Italian trams usually consists 
of a bed of screened gravel 5^ to 6 inches in depth, sur- 
mounted with a 2 inch layer of sand in which the granite 
blocks are set. 

The road bed is well compacted by ramming or rolling 
before the gravel is spread, and this is also watered and 
rolled or rammed in the usual manner. Sub-drainage is 
provided in soils which require it. 

The surface drainage is discharged by the central gutter 
between the trams, into sub-drains, through vertical shafts 
covered with stone gratings. The gratings are formed from 
a single piece of granite, cut concave on the top to corre- 
spond to the surface between the trams, and usually provided 
with three slots, each about 12 inches long, 1| inches wide, 
and 8 to 10 inches apart. 

The cost of constructing one mile of the tramway above 
described, with wages varying from 3 to 3^ francs per day 
for stone cutters, 1^ to 2 fi-ancs for common laborers, and 
2 francs for pavers, amounts to about $8,600, gold. This 
includes the paving between the trams, the subdrains, and 
the openings in the central gutter leading thereto covered 
with granite gratings, and surface grooving the blocks 
to give horses a foothold on the trams when turning out 
on steep grades. It does not, however, include the cost of 
paving the roadway outside the trams. 

Although the first cost of a good stone tramway is com- 
paratively large, it possesses a long life, and the necessary 
annual expense upon it for vepa\T^ \^ \i\\\. ^ \\i<^^^ Vtv^^. Xv 
(0 ^n error to assume that t\\ey vxxe owX, q»1 ^%X»^,/iii^^^'^^% 
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their usefulness and tlieir general adaptation to the necessi- 
ties and conveniences of traffic, have been greatly restricted 
by the introduction of steam and street railways. They 
are certainly not adapted to the most crowded streets of a 
city, and as a connecting route between neighboring towns, 
a railroad, althougli costing three to four times as much, 
might in most cases be preferable ; but upon wide streets 
and over short suburban lines with a large traffic, and in 
special cases in manufacturing and mining districts, and in 
large cities, as a connecting link between the termini of 
railroads,- where steam cars are inadmissible, they are able 
to supply a convenient and inexpensive method of carriage, 
while the current outlay for maintenance, which amounts 
to a heavy tax upon all other kinds of roads, is only 
nominal. 

Where the haulage is heavy both ways the tramway 
should have a double track, the centre line of blocks being 
common to both, and wide enough to allow the vehicles to 
meet and pass each other without leaving the trams. 

To insure a greater degree of permanence and stability, 
the blocks should be bedded in hydraulic mortar, upon a 
concrete foundation G inches thick. This would allow a 
reduction in their thickness to about 6 inches. 

The horse track should be paved with stone blocks as 
greatly preferable to cobble stones. 

An excellent substitute for a stone tramway is a stone 
block pavement of carefully selected blocks laid in mortar 
upon a concrete foundation. Its width for the vehicles in 
common use need not exceed 13^ to 14 feet to enable them 
to meet and pass each other without collision. It should be 
ulong the middle of the roadway, and slope each way from 
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the crown at tiic rate of about 1 in 40, the wmgs being fin- 
ished with any covering suitable for the neighborhood. 

Tramways should of course be laid on the grade of the 
street as usually constructed, and there can be no advantage 
in having the middle of the street lower than the sides. 

Street Railways (Called also Tramways). 

On a well built railroad, the force required to move a 
car upon the level rail, at a speed of 5 miles per hour is not 
far from -g^ to ^^ of the total weight of car and load, vary- 
ing within these limits with the state of the rail with respect 
to moisture and dryness. 

The following rule is the one in common use for obtain- 
ing this resistance : 

1. Multiply the weight in gross tons by 6. The pro- 
duct regarded as pounds will be the friction. 

2. Multiply the weight by the velocity in miles per houi 
and divide by 3. The quotient will be the allowance to be 
made for concussion, in pounds. 

3. Square the velocity in miles per hour, and multiply 
the square by the frontage in feet, and divide the product 
by 400 for the resistance of the atmosphere in pounds. 

4. The sum of these three results is the total resistance 
in pounds. 

Upon street railway lines, in consequence of the presence 
at all times of more or less dust and stiff mud upon the 
rails, the tractive force is comparatively large. In the average 
condition of the road it may be set down as fully y^g- of the 
loaded car, so that a car weighing 4,000 lbs. carrying 28 
passengers, each weighing 150 lbs — total 8,200 lbs — would 
require the exertion of a force of 68^ lbs ( ^gV ) ^^ move it 
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on a level rail at a low speed. ITpon descending grades oi 
1 in G8^ the brakes would not therefore have to be applied. 

In practice the grades must conform to those of the 
street, and for short lengths may be even steeper than would 
be suitable for ordinary vehicles upon a good street surface. 
Tbe question of grades, therefore, for street railways, except 
in special cases, resolves itself into the adoption of those 
already existing. 

Upon the Bleecker street and Fulton Ferry line, in New 
York city, there are two very steep grades, one with an 
aggregate rise of 10.3 feet in 225.25 feet, equal to a mean 
of 1 in 21.8, and the other with an aggregate rise of 10.3 
feet in 248.8 feet, equal to a mean of 1 in 24. The point of 
highest grade upon each ascent is very considerably steeper 
than the average rise, which includes those portions with a 
gentle grade near the foot and the crest of each stretch. 

Drainage. 

Upon streets suitably provided with paved carriage ways 
and sidewalks, and with sewers, there is no occasion to make 
any special or additional provision for the drainage of street 
railways, but for lines located upon country or suburban 
roads, the same precautions must be taken to secure thorough 
surface and sub-drainage that have already been described 
as necessary for ordinary roads. There is no occasion to 
•epeat them here. 

Construction. 

A street railway, as almost universally constructed in the 
United States and elsewhere, consists of rolled-iron rails, 
laid upon longitudinal timbers or stringers, resting upon 
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timber cross ties. The top of the rails should set flush with 
the surface of the street, and they should, preferably, be of 
Buch patterns and laid to such gauge as will least incommode 
the ordiuary traffic conducted with the vehicles of the neigh- 
borhood, for it will rarely occur that the interests of the rail- 
way, and those of the truck, cart, and express wagon will be 
other than identical. Upon crowded streets in particular, 
and generally in the business portions of cities and large 
towns, every device calculated to keep the current of traffic 
moving, and prevent blockades, is a benefit alike to all. 

Rails. 

It is desirable that the car wheels should bear upon the 
rail directly over the centre line of the stringers, or as nearly 
so as possible, in order to obviate any tendency of the rail to 
cant to one side, when the wood begins to become soft and 
weak from decay. This condition however would exclude 
the rail with the single rib, raised on one side only (See 
Figs. 68 and 69) and having a broad flat surface occupying 
the rest of its width, which is really the form offering the 
least interference with tlie traffic conducted on ordinary 
carriages; for the broader the surface upon which such 
carriages can track, the less will be the difficulty, and the 
less the wrench upon the wheels, as well as upon the rails, 
in taking and leaving it. 

In some cities the pattern of the rail, as well as gauge 
of the track, is prescribed by municipal authority, with 
special reference to obtaining such a railway as will not 
only reduce to a minimum the annoyance occasioned by the 
rails to promiscuous traffic, but will enable them even to 
contribute to its promotion and convenience. 
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A grooved rail, as a general rule, is not the most desirable 
either for the railway company, or the ordinary vehicles upon 
the street. It collects the dust and mud, and, in cold 
weather, gets filled with ice and snow, thus greatly augment- 
ing the tractive force of the car ; while the wheels of wagons 
and hacks, and especially of all of the lighter and frailer 
classes of carriages, having once entered the grooves, experi- 
ence a severe strain, and are not unfrequently twisted off, in 
leaving them, while the rails themselves are thereby more or 
less disturbed and in time loosened at ttieir fastenings. In 
Fig. 65, serviceable and convenient forms are shown at b, 
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Fio. 65. 

which if made of 55 pounds weight per yard will answer for 
heavy traffic. For light traffic form c of 30 to 35 pounds 
weight has been found to be suitable. Rails are sometimes 
made of 70 and even 75 pounds weight to the yard. Oast 
iron rails have been tried without giving satisfaction. 

Stringers, or Sleepers. 

The purpose of the stringers is two-fold : to secure a 
uniform bearing for the rails, and to raise them to the level 
of the street surface. They may be of southern or of ordi- 
nary white pine, preferably the former, on account of its 
superior stiffness and hardness. Any other kind of durable 
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Urood possessing these qualities, may of course be used> 
provided its price be snch aCs not to exclude it. The 
sleepers are sawed, the nsaal dimensions being 7 to 8 inches 




Pig. 66. 

in depth, with a width equal to that of the rail, and a length 
varying from 25 to 40 feet (See Figs. 6(j and 67.) 

Cross Ties. 

The cross ties (Fig. 66) may be of any durable wood, 
either white or yellow pine, chestnut, or white oak, hewn or 
sawed, 6 to 7 inches wide, 5 to 6 inches deep, and of such 
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length as to reach about 12 inches beyond the stringers on 
either side. They may be faced on the top and bottom 
only, the bark alone being taken from the sides. 

Upon streets suitably sub-drained, the cross ties are 
simply laid in trenches excavated to receive them, care be* 
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ing taken not to loosen uii the soil to a greater depth than i& 
requisite to give them a Grin and level bearing throughout 
their entire length, with their top surfaces parallel with the 
line of the grade. The earth should be packed around 
them and under their edges by tamping with a crow-bar or 
other suitable implement, to guard against subsequent 
settlement or disturbance. 

When suitable sub-drainage has not been provided, as 
will often be the case upon suburban streets and country 
roads, and especially where the railway is to rest upon 
clayey or spongy soils, the bed should be sab-drainod, in 
substantially the same manner prescribed for ordinary roads, 
by excavating to a width exceeding the length of the cross 
ties by at least some inches, and to a depth of 6 inches 
below them. The trench thus formed, after suitable cross 
drains have been constructed, is then to be filled in with a 
ballast of broken stone, gravel, coarse sand, or a mixture of 
them all, which should be thoroughly compacted by ram- 
ming in layers, to guard against further settlement or shrink- 
age. When the filling has reached the requisite height to 
receive the cross ties these are placed in position, the 
material under their edges farther compacted by tamping, 
and the filling continued to the level of their top surfaces. 

The cross blind-drains should be at least 12 to 18 inches 
in depth, below the bottom of the filling or ballast, and 
should extend out on either side to the side ditches. 

To preserve them from early decay, the stringers and 
cross ties should be creosoted, in the manner described on 
page 162 which, if thoroughly done, will add at least ten 
yea,ra to their life. 



No little difficsfaj sas bsiz. tiymotea ia fiznlr aecw>- 
iue the nib to the rHs^^t^ ssi iia siizfin ic the tm^ 
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devised, possessing so few objectionable features as to com- 
niand geneial adoption. It has been found impossible to ila 
away with tlie use of spikes, bolts, or pins, and these be« 
come loose from the gradual enlargement of the holes occa- 
sioned by incessant vibration. 

For securing the stringers to the cross ties, square or 
octagonal oak or locust pins have been used, and they possess 
the advantage that the spikes for fastening the rails can be 
driven into the pins, in cases where they happen to come 
directly over them. Half inch round iron bolts, or long half 
inch square spikes, are generally preferred to wooden pins. 
The ends of the stringer with an iron plate under them, should 
rest on a cross tie, and not fall between them, but those on 
opposite sides should not meet on the same tie. 

To prevent the spreading of the track, cast iron knees 
or angle irons are spiked to the stringer and to each tie or 
each alternate tie. In some cases these knees are placed on 
both sides, in others on the outside only of each stringer, 
(see Fig. 68). Transverse wrought iron tie bolts, of about i 
inch round iron, passing through both stringers, and having a 
head on one end and a screw and nut on the other, have also 
been used for the same purpose either with or without the 
knees. Such ties should be placed near the bottom of the 
stringers, in order that they may receive no injurious ten- 
sion or strain from the sinking of the pavement above them. 

Additional security against spreading may be given by a 
good block stone pavement, upon the entire street, including 
the space between the rails, provided the stones be set firmly 
against the stringers on either side. Even where a cheaper 
kind of pavement is used for both horse track and street, it 
t8 desirable that one tow at\^as^ ol ^\AT\^\^w3Ks^^<^^4ha 
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set on each side of each stringer, and these should be com- 
posed of alternutelj long and short blocks (as shown in Fig. 
(i9), 80 as t6 tooth into the contiguous pavement, and thus 
avoid a continuoua joint which would wear into a rut. 

The best payement between the rails, and upon which 
the animals appear to travel with greater confidence and leas 
fatigae than upon any other possessing the requisite firmness 




and dnrabilitj, is one of rather small cobble stones, laid with 
3 very slight inclination from the centre toward the rails. 

The top of the pavement should be at the same height as 
the top of the adjacent edge of the rail. With a rail there- 
fore, having a single rib on one aide and a single horizontal 
flange on the other, the pavement next the rib will be as 
much higher than that nest the flange as the rib projects 
nboro the flange. If the rib be on tt\e Vmi&a A "fiaft "^^ "^w* 
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horse track will be higher than the rest of the street, and il 
on the outside, it will be lower. 

Many methods of fastening the rails to the stringers have 
been practiced, among which that of clinch spikes with 
countersunk heads, driven vertically through the bed or 
thin portion of the rail, well into the sleeper, is about the 
best. When the width of the bed will admit of it, the 
spikes should be placed two to three feet apart, alternately 
near its inner and its outer edges, so as to give the rail a 
firmer seat, and counteract its tendency to cant to one side 
or the other. Sometimes the spikes pass through the edge 
of the rail diagonally, and sometimes screws are used diago- 
nally or vertically. When rails with vertical webs at the 
sides, reaching some distance down the faces of the stringer, 
are used, the fastenings may be spikes, screws, or staples 
jiassing through the rail into the timber horizontally. 
Tlie ends of the rails should meet as far as possible from the 
ends of the stringers. 

The perishable nature of wood is a source of serious 
expense in the maintenance of street railways, and efforts 
have been made to substitute iron and stone for the timber 
cross ties and sleepers, but no trial of this method of con- 
struction has extended over a sufficient period of time to 
fnlly test its practical value. 

Many experimental attempts have been made to replace 
horses by mechanical motive power, for the propulsion of 
street cars ; and gas, hot air, electricity, as well as steam, 
have been suggested and some of them tried as motors, but 
never with entirely satisfactory results. In the present con- 
dition of the problem, the great desideratum appears to be 
^ sinalJ, noiseless, sparVvx\xOL-siivoV,^-^o\\^^TcC\\!L^%\fc^5cc.^^^ 



CAB BRAKE IlSD STABTBB. 241 



Car Starters. 



The frequent baitings and startings which are necessarj 
for the accommodation of passengers using street cars, 
operate as a most serious tax upon the endurance of the 
horses, and within the last few years many mechanical devices 
have been tried, mostly as matter of experiment, with the 
object of removing or lessening this evil. 

The prevailing idea appeal's to have been to store up the 
power necessarily exerted by the brakes in bringing the car 
to a state of rest, by the compression of some form of spring, 
and then to expend it in turning the car wheels, so as to assist 
the horses at the moment they are required to start forward. 

It is to be regretted, however, that no car starter has yet 
been invented, possessing sufficient practical merit to com 
mand general approval. They have all failed in a greater 
or less degree, to render with reasonable certainty, and at 
the proper moment, the measure of aid required of them. 
In order to be efficient, they should be under the easy and 
quick control of the driver, and possess enough initial power 
to move the car within 1 to 1^ seconds after the signal to 
start is given, and before the horses have taken the draught 
upon their collars. 

The principle upon which the Crozier car brake and 
starter operates will be understood from Fig. 70. The 
upper portion of the figure represents the apparatus in plan, 
while an end view is given in the middle, and a side view in 
the bottom cut. 

A is a bevel wheel keyed fast to the car axle, and B is 
another wheel facing it but fitted so as to turn and slido 
on the axl^s and having a rose cWtcVv, G^ lo^ ^<5>^\>kfefc^k^%,^»^ 
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the axle so as to turn it when desired ; it also has a sleeve 
D, extending nearly to wheel A, and coupled by a erotclied 
arm E, with a rock shaft below (seen at F in the bottom 
cut) by which the driver, by means of a lever at W, shifts 
Ihe gears as required for stopping and starting. 

The sleeve D, is also the bearing for one end of the 
shaft G, on which is a wheel I, for gearing with wheel A, 
also a wlieel H, for gearing with wheel B, and also a drum 
K, for winding up a spring or springs L, and which has 
its other bearing in the arm J, of the rock shaft F, so that 
by the oscillation of the rock shaft through the medium 
of the lever at W, the shifting is effected. 

When the car is moving forward, if the driver by a move- 
ment of the lever at W, gears the shaft G, with the wheel A, 
by means of the wheel I, the drum K winds up a chain which 
compresses the spring L until the car stops, the wheel B being 
at this time disconnected with the clutch 0, and free to 
move around. At the signal to start, the shaft G is thrown 
out of gear witli the wheel A, and the wheel B at the 
same movement engages with its clutch at 0. The spring 
then reacts, and in unwinding the chain from the drum 
K, starts the car through the medium of the wheels H and 
B. The wheel B, being larger than wheel A, affords a 
greater leverage to the power of the spring in starting, than 
that applied in compressing it when stopping. 

The Fireless Ijocomotive. 

Upon the subject of mechanical motive power for street 
cars, to which reference was made on page 240, it seems 
proper to mention an invention of Dr. Lamme of New 
OrJems, consisting of a smaW loc^omoUx^ ^with a. boiler of 
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about GO cubic feet capacity, but without any furnace or 
other appliance for heating it. 

The principle upon which it is expected to work may be 
stated briefly as follows : 

"When required to start the car, the boiler is nearly 
filled with cold water, and the locomotive is run alongside 
of a large stationary boiler, working at a pressure of 200 lbs. 
The steam pipe of the stationary boiler is connected with the 
locomotive boiler, steam then rushes into the latter, and in 
a few minutes it raises in the cold tireless boiler a pressure 
of 180 lbs. The connection with the stationary boiler is then 
uncoupled, and the fireloss locomotive is ready for work." 

The experiments which were made with this fireless 
engine were tolerably successful on roads that were level or 
had only very low grades, and while there were very few 
stoppages ; but upon steep grades and when operating with 
frequent halts, its limited power was soon rendered inefficient 
by the constant loss of lieat by radiation. 

As street railways must adopt the ordinary grades es- 
tablished for other vehicles, and as the stoppages must neces- 
sarily be frequent to allow passengers to get m and out, and 
must be made, even upon ascending grades, unless they are 
exceptionally steep. Dr. Lamme's locomotive will require 
extensive modification and improvement before it can be 
accepted as a practical solution of this question. 

There are such strong prejudices in the mind of the gen- 
eral j)ublic against placing a steam boiler in a car occupied 
by passengers, even although it may be kept entirely out of 
sight, and so arranged as not to interfere with their comfort 
or convenience, that it is doubtful whether a self-contained 
tteam car can ever commciid \lse\l to A^o\)w\v3bX l-a^ort. 
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It is to be hoped, for the benefit of all, that the mventora 
wrho do not share this view, will be able by mechanical con- 
trivance and skill, to remove the objections on which it is 
founded. 

Statistics of Street Railroads. 

The following tables, giving the chief particulars of 
certain horse railway companies, have been arranged at the 
request of the author, by Mr. Isaac Newton, Engineer, of New 
York city, from the annual reports of the Massachusetts Kail- 
way Commissioners, and the State Engineer and Surveyor of 
the State of New York for 1873. The examples have been 
selected so as to give information respecting the operation of 
such railways in the crowded streets of cities, as well as on 
ordinary country roads or turnpikes. 

The particulars given may be divided in two classes ijirsi 
those regarding the cost of tlie construction of the roads : 
secondy those referring to the cost of maintenance, including 
all operating expenses, and the amount and source of the 
revenue. In the case of the New York railways, the figures 
respecting the cost of construction are not in all cases reliable, 
but those regai'ding the operating expenses are, in the opinion 
of the writer, correct : the latter are obviously of the most 
importance. Engineers can estimate with all needful 
accuracy the cost of constructing and equipping a proposed 
horse railway ; but respecting the cost of operation, the facts 
obtained from experience with existing roads are the only 
safe guides to a close estimate. 

Regarding the Massachusetts Roads, both classes of 
figures may be taken with confidence, as accurate statements 
of the facts. 
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TABLE I.—Porrtcwtort of Hone Railroads in State of New York, 



I. Deaeription of 
Xoad, 



1. Length laid. 



2. Length of doable 
track, fncL sidings. 

1. Weight of rails, 
pounds per yard. . . 



II» Revenue. 

1. From passengers.. 

8. Horses, manure, 
old material, adver- 
tising in cars, and 
miacellaneous 



I. Total revenue. 



rXT. Operating 
partCoulara, 

1. Number of paaseu- 
gers carried 



2. Rate of fare. 



8. Rate of speed, in- 
eluding stops 



IF. JSquipment, 

1. No. horses or mules 

2. Number of cars... 

r. Coat of Road 
and Kquiprnent. 

1. l?<)a(l-bcd 8 uper- 
htructure, iiicl. iron, 

2. Laud, buildiiigt), «& 
fixtures, incl. land 



damages 



3, Jiorscs & liaruesB. 
L Can 



Second 

Avenue 

Railroad. 



10 miles. 



11 miles. 



60 lbs.... 



56to681b8 



1678,647 



$2,637 



$681,185 



13,570,955 

S 6c. thro. 
\ 5c. way. 



1 h. 20 m. 



1022 



154 



$1,816,412 



$410,593 



$173,187 
$111,600 



Third 
Avenue 
Railroad. 



8 miles. 



10 



i» 



$1,612,396 



$628,429 



$2,140,826 



26,950,000 

J 6c. thro, 
j 5c. way. 



1 h. 20 m. 



1841 

J 251 Pas. 
1 llFrt. 



$1,600,000 



$1,817,365 



$250,000 



Sixth 

Avenue 

Railroad, 



4 miles. 



4.375 



it 



60 lbs. 



$787,357 



$801,077 



$988,434 



14,747,141 
•j 6 cents. 

6 m. p. h. 

1,097 
\ 100 



$867,444 

$827,690 
$385,817 



B'way 
and 7th 
Av. R. R. 



8 miles. 



16J»m. 



62,62,65 Ibb 



|894,18S 



$26,977 
1920,168 



17,888,776 
5 cents. 

46min. 

1,146 
141 



$2,841,270 

$657,360 
$191,060 



Eighth 

Avenue 

Railroad. 



9,60 m. 



60to65 lbs 



$757,162 



$40,887 
$796,040 



15,143,048 
6 cents. 

90min. 

1,000 
110 



$844,460 



$599,211 



$102,390 



Dry Dock 
and East 
B*way 
Railroad. 



10.73 m. 



48,52,62 lbs 



$776,808 



r Bonds— 

$490,900 

MiB., 

$7,915 

$1,276,628 



15,636,160 
5 cents. 



835 
131 



$840,241 



$474,891) 



$141,775 



$1W) 



,(Mo\ %\\V\^ ^VEAA*;^ Vsn^A \Y6J^^ 
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eampQed fntm Bepori of N, F, State Engineer and Surveyor for 1878. 



J. 



1. 



42daud 
Grand St. 

Ferry 
Railroad. 



5.18 miles 



5.13 milcB 



64 lbs. 



1. 
2. 
8. 

rrr. 
t 

8 

8. 
JF. 



1840,087 



r Bonds, 
f!^,000 
Mis., 
110,119 



$586,757 



8. 
F, 

1. 

S. 

3. 



6,812,780 
5 cents. 

57min. 

444 
86 



t7S9,754 



$171,510 



$96,959 



Bleeckcr 

St. and 

Fulton F. 

Railroad. 



9 miles. 



18 miles. 



56 lbs. 



$262^59 



$4,864 



$257,704 



6,067,191 
5 cents. 

40min. 

400 
40 



$1,749,554 



$28,523 

Extens'n, 
$28,595 



Ninih 

Avenie 

Railroad. 



6.10 miles 



62to95 lbs 



$89,217 



$6,486 



$95,704 



1,784,846 
5 cents. 

47min. 

190 •{ 
20 



$515,786 



$443,122 



$22,600 



m^m- / $17,600 



Brooklyn 
Bath and 
Coney Is. 
Bailroad. 



7 miles. 



3,000 ft. 



45to70 lbs 45to64 lbs 



$50,577 



$15,322 



$65,900 



386.234 



50 min. 



1 horse, 9 
dnm. cars 

24 Pass. 
2Frt. 



$69,890 

$48,164 
$127,993 



Brooklyn 

City 
Railroad. 



40.50 m. 



41 miles. 



$1,461,308 



$34,990 



$1,496,294 



29,500,000 



J 



Adults, 
5, 8, 10. 
Ch.3<fc 4 



1,895 



412 



$1,090,855 



$600,543 



vU'r^,^ 



Brooklyn 

City and 

Newtown 

Railroad. 



15 miles. 



7K miles. 



45&521b8. 



$191,955 



$5,231 



$197,186 



3,886,314 

(.Adits. 5 
j(Jh.3ctb 



301 



68 



$813,273 



Coney Is. 

and 
Brooklyn 
Railroad. 



10.26 m. 



4.63 m. 



45 lbs. 



$179,924 



$41.96': 



$231,891 



3,50(5,117 

( Thro.2:. 
\ Way, 
( propor. 

1 h. 46 m. 



$698,806 



A\ \\ 



BnfEaio 

Street 

Railroad 

Company 



8.81 m 



8.81 m. 



50 lbs. 



$200,920 



$123,H4i* 



$324,2K<4 



[ 



3,442. 7H^' 
8ceDts■ 
45 min. 

281 



58 car9. 

14 8lei;h8 



$216,814 



$160,464 



\ 
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FX. Operating 
JBxpenses. 

1. Repairs to road-bed 
rlw., incl. iron, rep. 
of bidings, flxtnres, 



2. Taxes on real est. . 

8. Saporintend., office 
exp., clerks, etc.... 



4. Condnctors & driy. 

6. Watchmen, start- 
ers, switchmen, and 
roadmen 



6. Repairs of cars. . . . 

7. Repairs of harness, 

8. Horseshoeing 

9. Horses or males. . . 

10. Stable expenses . . 

11. Feed, hay, etc. . . . 

12. Facl, gas, Alights 

13. Oil and waste.... 

'A. Water tax, ins'ce. 

15. Law expenses .... 

16. Damages to per- 
sons and property. 



Second 

Avenue 

liailroad. 



17. Rents 

18. Car licenses. 



19. Advert, and print. 



SO. Taxes on divid'ds. 



21. Contingencies.... 

82, Total operating 
expensea 



$22,487 

13,900 

$22,209 

$146,069 

$29,160 

$2S\608 

$3,764 

$24,500 

$28,302 

$59,362 

$119,820 

$6,149 

$501 

$915 
$3,438 

$2,476 

$5,118 
$1,899 



Third 

Avenue 

Railroad. 



) 



$131,975 
Rl. Est. 
$220,281 

§25,128 



$44,675 
$341,116 

$224,983 

$49,633 

$8,885 

$60,768 

$131,628 

$8,493 

$267,144 

$18,747 

$2,750 

!• $4,762 

$22,746 

$2,294 
$19,150 



Sixth 

Avenue 

Railroad. 



( 



$4,751 



$110,256 
$22,781 
$12,476 

$170,136 

$49,8J0 
$23,616 

$5,749 

$39,727 

^$106,337 

$71,539 

$150,780 

$6,732 

$818 

$8,25;^ 

$2,150 

$1,7«8 
$4,000 

$3,5)0 

$3^ 



B'way 

and 7th 

Av. R. R. 



$41,469 

$14,875 

$18,850 

$194,062 

$18,875 

( Snow— 
] $8,157 
( $30,516 

$4,989 

$28,020 

$48,600 

$63,501 

$154,404 

$8,577 

$1,311 

$4,85 

$4,954 

$6,261 



Eighth 

Avenue 

Railroad. 



$47,880 



\ 



$67 



$487 



$r,3oH\ i\,«iO %k;l\.^ 



$20,261 
$162,111 

$15,274 

$46,524 

$6,709 

$29,096 

$63,200 

$57,376 

$137,298 

$7,080 

$755 

$5,220 

$6,997 

$2,220 
$9,927 
$5,250 

$375 



Dry Dock 

and East 

B'way 

Railroad. 



$49,691 

$8,839 

$22,359 



$239,993 

'Engine, 
$1,508 
Cars, . 
$45,795 

$4,994 

$22,674 

$49,114 

$3,202 

$138,611 

$5,556 

$?53 

J $1,094 
"1 $7,601 

$2,442 

$7,419 
$3,81-2 



$1- 



h^Ma 



( Snow- 
s'. 364 $V 550 -^ $10, 'A> 
U $3, iil 

Vc&t>::;vA ^b».fa^. ^e&v^s^ 
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Buffulo 

Street 

Railroad 

Company 




^XTv'Ci^V V5^«y ^5S^ 



wo 
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TABLE II. — Oiving particuktrt of the hone raUwayt named below 
compiled from tJie report of the Board of Railway CommieHonen 
of the State of Massachusetts for 1873. 





Highland 

St. R'lwy 

Boston. 


Lynn and 

Boston 

Railway. 


Lowell 

Horse 

Railway. 


Merimac 

Valley Hse. 

R'lwy Co. 


Metropoli 

tan Street 

R.'lwayCo. 


X. Description of Road 












1 Lensrth miles 


5 42 


11 75 


3 815 


6 


43.606 
8.734 


2. Length of double track. 


1.965 


.13 






8. Length of single track 
operated in one direc- 
tion, miles 


1 17 








5.097 
21.043 


4. Length of sini^le track in 
both directions, miles. 


.28 


11.61 


3.815 


5 


R. Length of switrhes, sid- 
ings, etc., miles 


.25 


.87 


.216 


1600 feet 


8.981 


6. Length measured as sin- 
gle track, miles 


5.67 


12.61 


4.031 


5.808 


47.688 


7. Weight of rail per yard, 1 
pounds f 


.48 


^;C - 45 ) 
?i = 25f 


28}i to 33 


1600 f t.-19 
10400 ft. -30 


[ 30 to 55>i 


rX. Equiptnent, 












1. No. of horses or mules. . 


252 


2.39 


50 


55 


1269 


2. Number of cars 


36 


35 


12 


15 


901 


XXX. Coat of Construc- 
tion. 












1. Grading and Paving 


$124,591 




$14,006 


$2,000 




2. Track, including timber, 
rails, and lavintr 






37 211 


35,784 




8. Engineering and other 
exp. during construction, 


14,950 




238 




4 Total cost of construct'n 


139,541 


$181,960 


51,455 


37,784 


*^ 100,437 


6. Average per mile of sin, 
track, not incl. sidings .. 


25,745 


15,485 


13,487 


7,556 


25,239 


IV, Co8t of Equipment 












1. Horses or mules 


38,870 


32,265 


8,002 


9,327 


165,819 


£. Corn 


41,605 
16,686 


30,300 


12 002 


16.618 


189,956 


i. other vehicles and arti 
den of equipment. . . . 


\ A.,Tv>1 
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F. Operating JEx- 
pense», 

1. Reps, of rd.-bed & tracks 

t Reps, of cars and other 
▼ehicles, harness, horse 
shoeing 



S- Repairs of baildiugs 

4. Keeping good the stock 
of horses 



5. Wages of all employees, 
excepting Pres., Treas , 
Sap't. and clerks 

6. ProYcnder 

7. Taxes and insurance 

8. Damages for injuries to 
person and property 



9. Rents A tolls paid other 
companies 



10. Salaries, office exp., etc. 

11. Interest 

12. Total exp. of operating. 

FJT. Revenue . 

1. Received from pass'gers. 
8. Rec. from sale of manure 
8. Inc. from other sources. 

4. Total income 

K. Pr. ct. of exp. to income, 

FJJ. Operating Parti- 
culars, 

1. No. miles run by cars. . . 

2. Arer. cost per mile, cts. 

8. No. of pas8*gers carried. 

i Rate of speed, incl. stops. 
Miles per hour 



5. No. of persons regularly 
employed by Company . . 

& Rate of fare— cents. . -1 



Highland 

St.K'lwy, 

Boston. 



$6,175 

1,950 

60,893 

25.896 

2,312 

32 

5,960 
103,920 



127,399 
609 

128,008 
92.5 



897,432 

26.12 

2,511,180 

6 



149 

6ct. ticket 
5 



Lynn and 

Botiton 

Railway. 


Lowell 

Horse 

Railway. 


$15,767 


$1,845 


19,164 


8,751 


1,598 


70 


9,439 




55,716 


11,677 


31,897 


10,066 


1,729 


865 


11.562 


782 


18.402 

1 




12,013 


3,068 


5,051 




181,823 


32,127 


162.713 


3:3,555 


1,301 


6:« 


255 


531 


164,269 


34,724 


110.68 


92.5 


447,068 


122,953 


40.67 


26.1 


2,150,652 


592,716 


6 


5 


102 


25 


[ 4 to 25 


4, 5, and 6 



Merrlmac 

Valley Hse. 

R'lwy Co. 



$2,507 

5,419 
338 

439 

11,853 

8,485 

900 



4,245 

34,188 



34,002 
520 
323 

34,845 
98. 



176,280 

19.4 

463,673 



24 



Metropoli- 
tan Street 
R'lwy Co. 



$47,915 

39,732 
6,940 

29,464 

431,225 

158,338 

24,900 

81,970 

3,019 
117,673 

891,220 



945,585 
2,219 

26,048 
982,853 

90.676 



2,470,214 

36,0(8 

18,211,036 

5 to 6 



640 



5 to 16 



•This is the total cost to the Company o? ToaeL\i\A\V.%,ii^ Ysa<2^^<iSi»\S>wei ^^^^ 
9Q0f i0 V8tiimte4 to be |1,048,473.T[9, 
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The Brooklyn City Railroad Company operates 41 milea 
of double track, radiating from the Fulton and Hamilton 
Avenue ferries through the city to its suburbs in various 
directions. The returns for the year 1875, show that the 
company owns 1,950 horses. Each working horse travels, 
upon an average, 16^ miles daily, which somewhat exceeds 
the average daily distance traveled on the New York city 
lines. The monthly feed bill amounts to about $19,000. 

During the year 1875 the company lost 334 horses, and 
the yearly depreciation in the value of the live-stock was about 
28 per cent., the average annual depreciation for a term of 
years being about 25 per cent. The number of men em- 
ployed is 1,000. 

Tlie company carried during the year 29,000,000 passen- 
gers, at an average cost per passenger of 4|^ cents, or ai 
aggregate cost of $1,221,592. 

The gross receipts from passengers were $1,446,537. 

Mr. Sullivan, the President, states that among the vari- 
ous pavements in use between the rails, upon the ten roads 
operated by his company, the one which is the easiest upon 
the horses, and therefore the best, is formed of small cobble 
stones, laid with only a slight fall from the centre to the 
sides ; and that the horses should always be shod with flat 
shoes, rather broad at the heel and without calks, and with- 
out cutting away any of tlie frog, so that a portion of the 
weight shall come upon the frog, whenever the animal 
treads upon an even surface. It is a rare occurrence for 
any of the horses to become disabled by contracted feet. 
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41b«rtite 182 

Aneroid barometer 10 

Angle of repose, definition of. . . . 20 
Animal force and traffic, ratio be- 
tween 114, 115 

Applying gravel on roads 82 to 85 

Apjflying stone on roads. 89 and 95, 96 
Applying new materials for re- 
pairs 121 to 136 

A.pportionment of materials for 

repairs 135, 135 

Ascending grades, resistance on. . 30 
Asphalt pavement 171 to 197 

" foundation for. 177, 178 
Aspbaltum 174, 175 

Asphalt rock 176, 177 

heating the 178, 179 

applying the.. 179 to 181, 189 

Asphaltio cement. 182 to 185 

Asphalt block pavelfccnt 191, 192 

Asphalt mixer 188, 189 

Asphalt pavement, merits of.l92 to 194 

" " price of. 195 

" " in New York 

City 194, 196 

Asphalt pavement, patent 190 

" " in Washing. 

ton,D.C 195 

Asphalt, stone and wood pave- 
ments compared 197 to 207 

Asphalt foot-paths. 216 to 218 

Asjhaltiue 182 
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Bastenne mineral tar. 173 

Belgian pavement 160 to 162 

Best pavement for streets 2<)7 

Bethell's wood curing process. . , , 162 

Betou Coignet 213 214 

Binding" material 85 

Bitumens 172 to 175 

Bituminous limestone 174, 176, 177 

Bituminous limestone pavement 

;•••:• 176 to 181 

Bituminous mastic 215 to 217 

Blake's stone crusher 92 to 94 

Block pavement of asphalt.... 191, 192 
Block pavements, objections to.203, 204 
Brake and starter for street cars 

240 to 248 

Brick pavement 169 to 172 

Brick footpaths 219 

Brick drains 55 to 58 

Broken stone road, ratio of draught 

to weight on 22 

Broken stone footpaths 219 to 221 

Broken stone roads 86 to 96 



B. 

Basalt and schist 
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O. 

Car brake and starter 240 to 248 

Catohwaters 71 ^2 

Central Park, N. Y., roads *. . * 89 

Charcoal roads 107 103 

Chicago pavements 170 

Classification of roads 77 

Cleansing street pavements 199 

Cobble stones j^^ 

Cobble stone pavement 143 to 14.i 
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Comparative merits of different 

pavements 197 to 207 

Comparison of Telford and Mac- 
adam roads 98L99 

Concrete footpaths 208 to'¥l5 

Concrete, compacting 210 

Concrete, hand-made 221 to 223 

Concrete, mill-made 223 to 226 

Concrete mixer 224 to 226 

Concrete foundation for roads. 103, 104 
Concrete of Rosendale cement .... 63 

Contour lines 17 

Convenience, relative, of street 

pavements 199 to 201 

Construction of street railways 

232 to 240 

Covering for roads 76 to 108 

Corduroy roads 79, 80 

Cost of stone, brick, and tile drains 

57,59 

Cost, relative, of street pavements 

198,199 

Cost of asphalt pavements 1 95 

Creosoting wood 162, 163 

Cross section of road surface 70 

Cross sections of route 17 

Cross drains of roads 55 to 60 

Cross ties and stringers 234 to 236 

Crozier car brake and starter. 

240 to 243 

Cuba asphalt 174, 182 

Cubical block pavement, tractive 

force on 23 

Culverts 60 to 66 

Culverts of concrete 62, 66 

Cumberland road 69 

Curves of tonnage and wear. 132 to 135 

Curbstones in New York city 150 

Cuttings, side slopes in 40 

Cylindrical broom 119 to 121 

** road roller 83, 34 

D. 

Dead Sea asphaltum 174 

Decay of wood, protection against 

162,163 

Descending grades, resistance on . SO 
pescriptive xQemoir, > . • . \% 
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Dimensions of stone blocks for 

paving 152, 159, 160 

Doloritic rock for roads 76 

Drainage of road surface. . .58 to 60, 71 

" street railways 232 

^^ side slopes in cuttings 

41,42 

Drainage of road bed 55 to 59, 104 

Drains of stone, brick, and tiles. 56 to 59 

Drains, side 53 to 55 

Durability, relative, of street pave- 
ments 197, 198 

Dynamical resistances 29 

E. 

Earth roads 77, 78 

Earth road, ratio of draught to 

weight on ...22, 28 

Earthwork, definition of 40 

Economy of thorough road main- 
tenance 109 to 115 

Embankments, and their s1ope«.44 to 48 
Endurance, relative, of pavements 

197,198 

Excavated earth, growth of. 86 

" '* moving of 37 

Excavations 85 to 44 

Exhalations, noxious 203 to 205 

Expediency considered in locating 
a road 14, 15 

P. 

Fastenings for street rail wayB.287 to 240 

Feldspathic rock for roads 76 

Fireless locomotive 242, 244 

Flagging stone footpaths 219 

Footpaths 208 to 221 

Footpaths of concrete 208 to 215 

" asphalt 215 to 218 

" brick, etc 219 to 221 

" broken stone 

Footpaths in parks 220, 221 

Form of road surface, transverse . 70 

Forms of street rails 233, 234 

Fork for handling stone 73 

Foundations of concrete. .103, 104, 147 
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PonndatioDS of broken stone. . . . 148 
«« *» cobble Btones.148 to 145 

" " rubble stone. .100, 101, 

102, 146,148 

Foundation for aspbalt pavement 

177,178 

Fonssagrives on street pavements 

202,260 

French methods of maintaining 

roads 117 to 136 

French roads, four classes of 69 

O. 

Ganjao tar 178 

Grades, maximum and nunimum. 27 

Grades, definition of 20 

Grades, nndnlating 25 

Grades at carves 27 

Grades, statical resistance on 27 

Grades on earth roads 77, 78 

Grahamite 182 

Gravel footpaths 219 to 221 

Gravel road, relation of draught to 

weight on 22 

Gravel roads 81 to 86 

•* " maintenance of. 136 

Growth of excavated earth 86 

«« " « rock (Traut- 

wine) 87 

Guidet pavement 156, 158 

Gntter stones in New York city. . 150 

H. 

Hammers for breaking stone. .72 to 73 

Hand-made concrete 221 to 223 

Hardness of stone, how tested... 90, 91 
Haywood, "Wm., on street pave- 
ments 199,200 

Healthfulness, relative, of street 

pavements 201 to 206 

Heater for sand 187, 188 

Heating asphalt rock 178, 179 

High gate- Archway road. .103, 104, 105 

Hill-side road 47 

HoUyhead road 69 

Hygienic considerations touching 

Btnet pavements. 201, ^Oft 
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Implements for road making. .72 to 74 

Inclination of side slopes 40 

Instrumental examination of route 16 
Italian tramways 228, 229 

J. 

Jersey Flats 62 

L. 

Law, Henry 80, 121, 122 

Lead, definition of 85 

Leveling instrument 74, 75 

Limestone for road coverings 76 

Location, considerations govem«^ 

ing 9,18 

Locating line on the ground 40 

Locomotive without fire 242 

Longitudinal inclination of roads. 71 

M. 

Macadam roads, grade on 85 

Macadam roads seldom well kept 

up 115, 116 

Macadam, 86 to 96, road, tractive 

force on 23 

Macneill, Sir John 104 

Macneiirs, Sir John, formula. ... 29 

Machine brooms 119 to 121 

Maintenance and repair of roads 

109 to 136 

Maintenance of roads of moderate 

traffic. 117, 128 

Maintenance of roads of large 

traffic 129 to 186 

Maintenance and repairs of pave- 
ments 198, 199 

Map of route 12, 89 

Map of contour lines 17 

Marsh, roads over . 49 to 52 

Massachusetts street railway8.248 to 251 

Mastic, bituminous 215 to 217 

Materials for repairs, apportion- 
ment of. 185 to 186 

Mechanical car-starter 240, 243 
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Merits of street pavements com- 
pared 197 to 207 

Mill for mixing oonorete. . . .224 to 226 
Minute repairs, maintenance by 

118 to 128 

Mineral tar. 178 

Mixer for asphalt 188, 189 

M xing asphaltic cement and 

powder 186 to 189 

Morin^s experiments for tractive 

force 21, 22 

Mortar, compressive strength of 

213, 214 

Moving earth 87, 38 

N. 

New York city asphalt pavements 

194, 196,197 

New York state street railways 

248 to 249 

Nicolson pavement ,. .163 to 165 

Noisy pavements, objections to.202, 203 
Noxious exhalations fi-om pave- 
ments 203, 205 

O. 

Objections to granite pavements. . 201 
Objections to Macadam roads... .98, 99 

Objections to Telford roads 99 

Objections to wood pavements 
202 to 207 

P. 

Parallel cross sections 17 

Paris, asphalt pavements in 194 

Park walks 220, 221 

l^atent asphalt pavement 190 

Pavements for streets. 137 to 207 

*' foundations of.. .142 to 149 

Pavement of cobble stones. .143 to 145 

" rubble stones 146, 147 

" stone blocks. .. 151 to 162 

** wood. 162 to 170 

" bricks 168, 169, 219 
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Pavement of street railways. 288 to 240 
Pavements of wood, stone, and 

asphalt compared 197 to 207 

Periodical repairs, maintenance 

by 129 to 136 

Petroline 182 

Plank road, force of traction on.. . 23 

Plank roads 80 

Portland cement for foot paths 

.'...208 to 215 

Portland cement with sand. . .210, 211 

Portland cement, concrete 68, 64 

Powder for asphalt pavements. 185, 186 
Pyrimont, Seyssel, tar 173 



Railway train resistances 281 

Rammers for concrete. 210 

Reconnoissauce of roate 10 

Refining asphaltum 188, 184 

Relation of animal force to traffic 

114,116 

Repairs and maintenance of roads 

109 to 136 

Resistance to draught on grades. . 27 
Resistance of vehicles in motion.. 29 
Road between Lyons and Toulouse 127 

Road from Tours to Caen 128 

Road covering, thickness of..84, 94, 97 

Road coverings 76 to 108 

Road rollers .... 88, 84 

Road materials 76 

Roads in the Dept. of the Loire.. . 181 
Roads of the Dept. de la Sarthe . . 127 
Roads, maintenance and repairs of 

109 to 136 

Roads on hill sides 47, 48 

" over marshes 49 to 52 

" " tidal marsh 50 to 52 

Roads of logs (corduroy) 79 

planks 80 

gravel 81 to 86 

Rock, side cuttings in 44 

Roman military roads 69 

asphalt.. . . 171 to 197, 215 I Rosendale cement, concrete 63 

Favementf ratio of draught to Wu\>\\ft ^\,o\\^ ici^\\i^'aJAa\v 100,101 
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Sand heater. 187, 188 

Schillinger pavement 212, 213 

Screening gravel . 82 

Sections of line. 12, 89 

Seely's wood curing process 163 

Seyssel asphalt rock 176, 216 

Sewere 187 to 139 

Shell roads 107 

Shortest line seldom practicable . . 14 

Side cuttings, definition of. 53 

Side drains, covered 54, 59 

Side drains of roads 53, 54 

Sidegatters 58, 149 to 150 

Side slopes in cuttings, inclination 

of 40 

Side slopes in cuttings, drainage of 41 

" " "rock 44 

Sidewalks. 68, 69, 149 to 151, 208 to 221 

Sidewalk vaults 217, 218 

Sienitic granite 76 

Silt basins 59,60 

Slides 43,44 

Slopes of embankments 46 

Sluice-gate drainage. . 51, 52 

Specifications 40 

Spoil banks, definition of. 53 

Springs in side basins 41, 42 

Starter for street cars, mechanical 

240to243 

Statical resistance on grades. ...... 27 

Statistics of street railways. .245 to 252 
Steep grades, pavements on. 153, 155, 

156 

Stone block pavement .151 to 162 

Stone drains 57 to 59 

Stone trackway tractive force 23 

Stone suitable for roads 76 

Stone, examination and tests of.. 90, 91 

Stone crusher 92 to 94 

Stone, wood, and asphalt pave- 
ments compared 197 to 207 

Stowe pavement 165, 166 

Street pavements 137 to 207 

" " foundations of 

142 to 149 

Streets, driunage of 189, 140 

Street nulwaya. 281 to 25^ 
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Street railway stringers and cross- 
ties , 284 to ,286 

Street railway fastenings and pave- 
ments 237 to 240 

Street railway statistics. . . .243 to 251 

Sub-pavement, Telford's 98 to 100 

Surveys 12 

Surface drainage of roads 58, 59 

Swamps, roads over 49, 50 

Sweeping roads ....118 to 121 

T. 

Table of resistances on various 

grades 80 

Tehuantepec asphalt 188 

Teil hydraulic lime 212, 218 

Thickness of broken stone covering 94 

** " gravel covering 84 

Telford road, tractive force on ... . 28. 

" " grade on 25 

Telford roads 96 to 100 

Telford sub-pavement 98, 99 

Testing stone for roads 90, 91 

Tidal marshes 50 to 52 

Tile drains 56 to 59 

Tonnage and wear 132 to 134 

Tools 72 to 75 

Toughness of stone, how tested .90, 91 

Topography by contour lines 17 

Tractive force, definition of 21 

" " Morin's experi- 
ments on 21, 2'2 

Tractive force in pounds per ton 

on various roads 23 

Tramways 227 to 281 

Tramways in Italy 228, 229 

Transporting earth 87, 38 

Transverse form of road surface . . !0 

Triallines 12 

Trinidad asphaltum 174, 182, 183 

Turnpike system 109 

U. 

Undulating grades 25 
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Varieties of bitameu 172 to 175 

Vaults QDder sidewalks 21 7, 218 



Washington, D. C, asphalt pave- 
ments 196 

Wear of asphalt pavement. 194 

Wear to tonnage, ratio of. . . . 188 to 185 

West Virginia asphaltom 174, 182 

Whitvorth's maohine broom 119 1 



Width of oomitry roads 66 to 71 

Width of French roads 69 

Wings of oonntry roads 70, 95, 96 

Wood, oreosoting 162 

Wood for road coverings 76 

Wood, stone, and asphalt pave- 
ments compared 197 to 207 

Wooden culverts 68 

Wooden pavements 162 to 170 

Wooden pavements of Chicago.. . . 168 
Wooden payementB, dust from.205, 691 
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CORNWALL, Prof. H. B. Manual of Blow-Pipe 

Analysis, Qualitative and Quantitative. With a Complete System of 
Descriptive Mineralogy. 8vo, cloth, with many illustrations, $2.50 

^ CRAIG, B. F. Weights and Measures. An account of the 
Decimal System, with Tables of Conversion for Commercial and 
Scientific Uses. Square 32mo, limp cloth 50 

CRAIG, Prof. THOS. Elements of the Mathematical 

Theory of Fluid Motion. i6mo, cloth $1.25 

GUMMING, LINNiEUS, M.A. Electricity treated 

Experimentally. For the use of Schools and Students. New edition. 
i2mo, cloth $1.50 

DIXON, D. B. The Machinist's and Steam-Engineer's 

Practical Calculator. A Compilation of Useful Rules, and Prc>blems 
arithmetically solved, together with General Information applicable 
to Shop-Tools, Mill-Gearing, Pulleys and Shafts, Steam-Boilers and 
Engines. Embracing valuable Tables, and Instruction in Screw- 
cutting, Valve and Link Motion, etc. i6mo, full morocco, pocket 
form $2.00 

DODD, GEO. Dictionary of Manufactures, Mining, 

Machinery, and the Industrial Arts. i2mo, cloth . . . . $1.50 

DORR, B. F. The Surveyor's Guide and Pocket Table 

Book. i8mo, morocco flaps $2.00 

DUBOIS, A. J. The New Method of Graphical Statics. 

With 60 illustrations. 8vo, cloth $r-5o 

EDDY, Prof. H. T. Researches in Graphical Statics. 

Embracing New Constructions in Graphical Statics, a New General 

Method in Graphical Statics, and the Theory of Internal Stress in 

Graphical Statics, 8vo, clol\\ $1.50 

ELIOT, Prof. C. W., and STOR^^, ^t^^^^^ ^^ ,^ 

Compendious Manual of QuaWulwe ^^^^^^f 4i^^>^^^ 
jylth the co-operation of the ;xx.t\xoTs,\.>f Vto^. N^vXV^^^^^^^-^^^^ 

i WustrsLtGd. i2mo, cloth . . - 
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FANNING, J. T. A Practical Treatise on Hydraulic 

and Water-Supply Engineering. Relating to the Hydrology, Hydro- 
dynamics, and Practical Construction of Water- Works in North 
America. Fifth edition. With numerous tables and i8o illustra- 
tions. 650 pages. 8vo, cloth. Sixth edition, revised, enlarged, and 
new tables and illustrations added $5.00 

FISKE, Lieut. BRADLEY A., U.S.N. Eltctricity ir 

Theory and Practice ; or, The Elements of Electrical Engineering. 
Fifth edition. 8vo, cloth ;?2.so 

FORBES, Prof. GEORGE. Galvanic Batteries. In Press. 

FOSTER, Gen. J. G., U.S.A. Submarine Blasting in 
Boston Harbor, Massachusetts. Removal of Tower and Corwin 
Rocks. Illustrated with 7 plates. 4to, cloth $3.50 

FRANCIS, JAS. B., C.E. Lowell Hydraulic Experi- 
ments. Being a selection from experiment on Hydraulic Motors, 
on the Flow of Water over Weirs, in open Canals of uniform rec- 
tangular section, and through submerged Orifices and diverging 
Tubes. Made at Lowell, Mass. Fourth edition, revised and en- 
larged, with many new experiments, and illustrated with 23 copper- 
plate engravings. 4to, ciotli .... $15.00 

GILLMORE, Gen. Q. A. Treatise on Limes, Hydraulic 

Cements, and Mortars. Papers on Practical Engineering, United 
States Engineer Department, No. 9, containing Reports of numerous 
Experiments conducted in New York City during the years 1858 to 
1861, inclusive. With numerous illustrations. 8vo, cloth . $4.00 

Practical Treatise on the Construction of Roads, 

Streets, and Pavements. With 70 illustrations. i2mo, cloth, $2.00 

Report on Strength of the Building-Stones in the 

United States, etc. 8vo, illustrated, cloth $1.00 

GOODEVE, T. M. A Text-Book on the Steam-Engine. 

With a supplement on Gas-Engines. Ninth edition. 143 illustra- 
tions. i2mo, cloth $2.00 

GORDON, J. E. H. Four Lectures on Static Induction. 
i2mo, cloth j|iio.8o 

School Electricity. i2mo, cloth $2.00 

GRIMSHAW, ROBERT, M.E. The Steam Boiler 

Catechism. A Practical Book for Steam Engineers, Firemen, and 
Owners and Makers of Boilers of any kmd. Illustrated. Thick 
i8mo, cloth $2.00 

GRUNER, M. L. The Manufacture of SteeU T^^^^V^^^ 

irom the French, by Lenox Sm\l\\*, V\\^\^xv^v^^'^^^^^'^^*^^^^'?''^^^^ 
process in the United States, by XVve \\2LTv^"aXo\. \:^\^'s^v^^R•^^ Y! 
cloth ^ • • - - 
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HALF-HOURS WITH MODERN SCIENTISTS. 

Lectures and Essays, by Profs. Huxley, Barker, Stirling, Cope, 
Tyndall, Wallace, Roscoe, Huggins, Lockyer, Young, Mayer, and 
Reed. Being the University Series bound up. With a general in- 
troduction by Noah Porter, President of Yale College. 2 vols., 
i2mo, cloth, illustrated I2.50 

HAMILTON, W, G. Useful Information for Railway 

Men. Sixth edition, revised and enlarged. 562 pages, pocket form. 
Morocco, gilt $2.00 

HARRISON, W. B. The Mechanic's Tool Book. With 

Practical Rules and Suggestions for use of Machinists, Iron- Workers, 
and others. Illustrated with 44 engravings. i2mo, cloth. . $1.50 

HASKINS, C. H. The Galvanometer and its Uses. A 

Manual for Electricians and Students. Second edition. i2mo, 
morocco $1.50 

HEAP, Major D. P., U.S.A. Electrical Appliances of 

the Present Day. Report uf the Paris Electrical Exposition of 1881. 
250 illustrations. 8vo, cloth $2.00 

HERRMANN, Gustav. The Graphical Statics of Mech- 
anism. A Guide for the Use of Machinists, Architects, and 
Engineers; and also a Text-book for Technical Schools. Trans- 
lated and annotated by A. P. Smith, M.E. i2mo, cloth, 7 folding 
plates $2.00 

I-iEWSON, WM. Principles and Practice of embanking 

Lands from River Floods, as applied to the Levees of the Missis- 
sippi. Svo, cloth $2.00 

KENRICI, OLANE. Skeleton Structures, Applied to 

the Building of Steel and Iron Bridges. Illustrated . . . $1.50 

HOLLEY, ALEXANDER L. Railway Practice. Ameri- 
can and European Railway Practice in the Economical Generation of 
Steam, includmg the Materials and Construction of Coal-burning 
Boilers, Combustion, the Variable Blast, Vp^orization, Circulation, 
Superheating, supplying and heating Feed W?ter, etc., and the Adap- 
tation of Wood and Coke-burning Engines to Coal-burning ; and in 
Permanent Way, including Road-bed, Sleeper*, Rails, Joint Fasten- 
ings, Street Railways, etc. With T] lithogi's^phed plates. Folio, 
cloth %V2..oo 

HOWARD, C. R. Earthwork Mensura^^ion on the Basis 

of the Prismoidal Formulae. Containing Simple and Labor-saving 

Method ot obtaining Prismoidal Contents directly from End Areas. 

Illustrated by Examples, and accomp^itvkd by PKin Rules for Prac- 

tical Uses. IJJustrated. Svo, c\oX\\ %^-^^ 

'SHERWOOD B. F. Et\g\neet\tv^^^^^^^^^^'^,^f*^'^'^^^^ 

MaS^iZry A^^^^ in the^ most px.c.Kc.X -^ -^1----:-^^^ 
£:ngineerl With iUustratAons. ^ vo\s. m v ^no, ^o . 
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JANNETTAZ, EDWARD. A Guide to the Determina- 
tion of Rocks : being an Introduction to Lithology. Translated 
from the French by G. W. Plympton, Professor of Physical Science 
at Brooklyn Polytechnic Institute. i2mo, cloth $1.50 

JONES, H. CHAPMAN. Text-Book of Experimental 

Organic Chemistry for Students. i8mo, cloth. $1.00 

JOYNSON, F. H. The Metals used in Construction: 

Iron, Steel, Bessemer Metal, etc. Illustrated. i2mo, cloth . .75 

Designing and Construction of Machine Gearing. 

Illustrated. 8vo, cloth $2.00 

KANSAS CITY BRIDGE, THE. With an Account of. the 
Regimen of the Missouri River, and a Description of the Methods 
used for Founding in that River. By O. Chanute, Chief Engineer, 
and George Morrison, Assistant Engineer. Illustrated with 5 litho- 
graphic views and 12 plates of plans. 4to, cloth $6.00 

KAPP, GISBERT, C.E. Electric Transmission of 

Energy, and its Transformation, Subdivision, and Distribution. A 
practical handbook. i2mo, cloth $3.00 

KING, W. H. Lessons and Practical Notes on Steam. 

The Steam-Engine, Propellers, etc., for Young Marine Engineers, 
Students, and others. Revised by Chief Engineer J. W. King, United 
States Navy. Nineteenth edition, enlarged. 8vo, cloth . . $2.00 

KIRKWOOD, JAS. P. Report on the Filtration of 

River Waters for the supply of Cities, as practised in Europe, made 
to the Board of Water Commissioners of the city ol St. Louis. 
Illustrated by 30 double-plate engravings. 4to, cloth . . . $15.00 

LARRABEE, C. S. Cipher and Secret Letter and Tele- 
graphic Code, with Hogg's Improvements. The most perfect Secret 
Code ever invented or discovered. Impossible to read without the 
key. i8mo, cloth 60 

LARDEN, W., M.A. A School Course on Heat. i2mo, 

half leather . $2.00 

LEITZE, ERNST. Modern Heliographic Processes. 

A Manual of Instruction in the Art of Reproducing Drawings, 
Engravings, etc., by the action of Light. With 32 wood cuts and 
ten specimens of Heliograms. 8vo, cloth $3.00 

LOCKWOOD, THOS. D. Electricity, Magnetism, and 

Electro-Telegraphy. A Practical Guide for Students, Operators, and 
Inspectors. 8vo, cloth $2.50 

LrORING, A. E. A Handbook ovv\Yv^ ^\^cX^^^^V^'2vss^s^^^ 

Telegraph. Paper boards "^ 

Cloth . . . , 

JIforocco ... , X ' ^ ^ 
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MAIER, TULIUS, Ph.D. Arc and Glow Lamps, h 

Practio^ Handbook on Electric Lighting. Illustrated. i;2nio, 
cloth $3.00 

MACGREGOR, WM. Gas-Engines: their Theory and 

Management Folding plates, i2mo, cloth $3.00 

MACCORD, Prof. C. W. A Practical Treatise on the 

Slide-Valve by Eccentrics, examining by methods the action of the 
Eccentric upon the Slide-Valve, and explaining the practical pro- 
cesses of laying out the movements, adapting the Valve for its 
various duties in the Steam-Engine. Second edition. Illustrated. 
4to, cloth $2.50 

MCCULLOCH, Prof. R. S. Elementary Treatise on 

the Mechanical Theory of Heat, and its application to Air and 
Steam Engines. 8vo, cloth $3.50 

MERRILL, Col. WM. E., U.S.A. Iron Truss Bridges 

for Railroads. The method of calculating strains in Trusses, with a 
careful comparison of the most prominent Trusses, in reference to 
economy in combination, etc. Illustrated. 4to, cloth. 4th ed., $5.00 

MICHIE, Prof. P. S. Elements of Wave Motion relat- 
ing to Sound and Light. Second edition. Textbook for the United 
States Military Academy. 8vo, cloth, illustrated $5.00 

MINIFIE, WM. Mechanical Drawing. A Textbook of 
Geometrical Drawing for the use of Mechanics and Schools, in 
which the Definitions and Rules of Geometry are familiarly explained; 
the Practical Problems are arranged from the most simple to the 
more complex, and in their description technicalities are avoided as 
much as possible. With illustrations for Drawing Plans, Sections, 
and Elevations of Railways and Machinery; an Introduction to 
Isometrical Drawing, and an Essay on Lmear Perspective and 
Shadows. Illustrated with over 200 diagrams engraved on steel. 
Ninth thousand. With an appendix on the Theory and Application 
of Colors. 8vo, cloth $4.00 

Geometrical Drawing. Abridged from the octavo edition, 

for the use of schools. Illustrated with 48 steel plates. Eighth 
edition. i2mo, cloth $2.00 

MODERN METEOROLOGY. A Series of Six Lectures, 
delivered under the auspices of the Meteorological Society in 1878. 
Illustrated. i2mo, cloth $i-5o 

MORRIS, E. Easy Rules for the Measurement of 

Earthworks by means of the Prismoidal Formula. 8vo, cloth, 
illustrated $1.50 

MOTT, H. A., Jun. A Practical Treatise on Chemistry 

(Qualitative and Quantitative Analysis), Stoichiometry, Blow-pipe 

Analysis, Mineralogy, Assaymg, Pharmaceutical Preparations, Human 

Secretions, Specific Gravities, Weights and Measures, etc. New 

edition, 188^. 650 pages. 8vo, cVoWv %V»i 
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MULLIN, JOSEPH P., M.E. Modern Moulding and 

Pattern-Making. A Practical Treatise upon Pattern-Shop and 
Foundry Work: embracing the Moulding of Pulleys, Spur Gears, 
Worm Gears, Balance-Wheels, Stationary Engine and Locomotive 
Cylinders, Globe Valves, Tool Work, Mining Machinery, Screw Pro- 
pellers, Pattern-Shop Machinery, and the latest improvements in 
English and American Cupolas ; together with a large collection of 
original and carefully selected Rules and Tables, for every-day use 
in the Drawing-Office, Pattern-5hop, and Foundry. i2mo, cloth, 
illustrated $2.50 

MUNRO, JOHN, C.E., and JAMIESON, ANDREW, 

C.E. A Pocketbook of Electrical Rules and Tables, for the use of 
Electricians and Engineers. Fifth edition, revised and enlarged. 
With numerous diagrams. Pocket size. Leather .... $2.50 

NAQUET, A. Legal Chemistry. A Guide to the Detection 
of Poisons, Falsification of Writings, Adulteration of Alimentary and 
Pharmaceutical Substances, Analysis of Ashes, and examination of 
Hair, Coins, Arms, and Stains, as applied to Chemical Jurisprudence, 
for the use of Chemists, Physicians, Lawyers, Pharmacists, and 
Experts. Translated, with additions, including a list of books and 
memoirs on Toxicology, etc., from the French, by J. P. Battershall, 
Ph.D., with a preface by C. F. Chandler, Ph.D., M.D., LL.D. i2mo, 
cloth $2.00 

NOBLE, W. H. Useful Tables. Pocket form, cloth, .50 

NIPHER, FRANCIS E., A.M. Theory of Magnetic 

Measurements, with an appendix on the Method of Least Squares. 
i2mo, cloth $1.00 

NUGENT, E. Treatise on Optics; or, Light and Sight, 

theoretically and practically treated, with the application to Fine Art 
and IndustriaJ. Pursuits. With 103 illustrations. i2mo, cloth, $1.50 

PEIRCE, B. System of Analytic Mechanics. 4to, 

cloth . . . . , $10.00 

PLANE TABLE, The. Its Uses in Topographical Surveying. 
From the Papers of the United States Coast Survey. Illustrated. 
8vo, cloth $2.00 

" This work gives a description of the Plane Table employed at the 
United States Coast Survey office, and the manner of using it." 

PLATTNER. Manual of Qualitative and Quantitative 

Analysis with the Blow-Pipe. From the. last German edition, revised 
and enlarged, by Prof. Th. Richter of the Royal Saxon Mining 
Academy. Translated by Prof. H. B. Cornwall, assisted by John H. 
Caswell. Illustrated with 87 woodcuts and one UtKo^y^j^kVvNK. N^kj^^i.. 
Fourth t^\X\on^ revised. 5G0 pages, ^vo, ^o'Ocv. % ^^S-*^ 
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PLANTE, GASTON. The Storage of Electrical Energy, 

and Researches in the Effects created by Currents, combining Quan- 
tity with High Tension. Translated from the French by Paul B. 
Elwelk 89 illustrations. 8vo $4.00 

PLYMPTON, Prof. GEO. W. The Blow-Pipe. A 

Guide to its use in the Determination of Salts and Minerals. Com. 
piled from various sources. i2mo, cloth $1.50 

The Aneroid Barometer : its Construction and Use. 

Compiled from several sources. i6mo, boards, illustrated '. .50 
Morocco |ii.oo 

The Star-Finder ; or, Planisphere, with Movable 

Horizon. Printed in colors on fine cardboard, and in accordance 
with Proctor's Star Atlas 50 

POCKET LOGARITHMS, to Four Places of Decimals, 

including Logarithms of Numbers, and Logarithmic Sines and Tan- 
gents to Single Minutes. To which is added a Table of Natural 

Sines, Tangents, and Co-Tangents. i6mo, boards 50 

Morocco $1.00 
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POOK, S. M. Method of comparing the Lines and 

Draughting Vessels propelled by Sail or Steam. Including a chapter 
on Laying-off on the Mould-Loft Floor, i vol. 8vo, with illustra- 
tions, cloth $5.00 

POOLE, Capt. D. C. Among the Sioux of Dakota; or, 

Eighteen Months* Experience as an Indian Agent. i2mo . $1.25 

POPE, F. L. Modern Practice of the Electric Tele- 
graph. A Handbook for Electricians and Operators. Eleventh 
edition, revised and enlarged, and fully illustrated. 8vo, cloth, $1.50 

PREECE, W. H., and MAIER, J. The Telephone. In 

Press. 

PRESCOTT, Prof. A. B. Organic Analysis. A Manual 
of the Descriptive and Analytical Chemistry of certain Carbon Com- 
pounds in Common Use; a Guide in the Qualitative and Quantitative 
Analysis of Organic Materials in Commercial and Pharmaceutical 
Assays, in the estimation of Impurities under Authorized Standards, 
and in Forensic Examinations for Poisons, with Directions for Ele- 
mentary Organic Analysis. 8vo, cloth $5.00 

— Outlines of Proximate Organic Analysis, for the 

Identification, Separation, and Quantitative Determination of the 
more commonly occurring Organic Compounds. i2mo, cloth, $1.75 

Chemical Examination of Alcoholic Liquors. A 

Manual of the Constituents of the Distilled Spirits and Fermented 

Liquors of Commerce, and iVvevi Q,M^lvtaUve and Quantitative Deter- 

nilnations, i2mo, cloth . . , , . * ^ ^ - x » ^ • - %^-lo 
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PRESCOTT, Prof. A. B. First Book in Qualitative 

Chemistry. Second edition. i2mo, cloth $1.50 

and OTIS COE JOHNSON. Qualitative Chemical 

Analysis. A Guide in the Practical Study of Chemistry and in 
the work of Analysis. Fourth fully revised edition. With De- 
scriptive Chemistry extended throughout $3* 50 

PULSIFER, W. H. Notes for a History of Lead. 8vo, 
cloth? gilt tops $4.00 

PYNCHON, Prof. T. R. Introduction to Chemical 

Physics, designed for the use of Academies, Colleges, and High 
Schools. Illustrated with numerous engravings, and containing 
copious experiments with directions for preparing them. New 
edition, revised and enlarged, and illustrated by 269 illustrations on 
wood. Crown 8vo, cloth $3.00 

RAMMELSBERG, C. F. Guide to a Course of Quan- 

^tative Chemical Analysis, especially of Minerals and Furnace Pro- 
ducts. Illustrated by examples. Translated by J. Towler, M.D. 
8vo, cloth $2.25 

RANDALL, P. M. Quartz Operator's Handbook. New 

edition, revised and enlarged, fully illustrated. i2mo, cloth . $2.00 

RANKINE, W. J. MACQUORN. C.E., LL.D., F.R.S. 

Applied Mechanics. Comprising the Principles of Statics and Cine- 
matics, and Theory of Structures, Mechanism, and Machines. With 
numerous diagrams. Eleventh edition. Crown 8vo, cloth . $5.00 

Civil Engineering. Comprising Engineering Surveys, Earth- 
work, Foundations, Masonry, Carpentry, Metal-Work, Roads, Rail- 
ways, Canals, Rivers, Water-Works, Harbors^ etc. With numerous 
tables and illustrations. Sixteenth edition. Crown 8vo, cloth, $6.50 

Machinery and Mill^vork. Comprising the Geometry, 

Motions, Work, Strength, Construction, aiid Objects of Machines, 
etc. Illustrated with nearly 300 woodcuts. Sixth edition. Crown 
8vo, cloth $5.00 

The Steam -Engine and Other Prime Movers. With 

diagram of the Mechanical Properties of Steam, folding plates, 
numerous tables and illustrations. Twelfth edition. Crown 8vo, 
cloth $500 

Useful Rules and Tables for Engineers and Others. 

With appendix, tables, tests, and formulae for the use of Electrical 
Engineers. Comprising Submarine Electrical Engineerino^, Electric 
Lighting, and Transmission of Power. By Andrew Jamieson, C.E., 
F.R.S. E. Sixth edition. Crown 8vo, cloth $4.00 

A Mechanical Textbook. By Prof. Macquorn Rankine 

and E. F. Bamber, C.E. With uvim^tOM^ S^^\s&^x•a^^si\^.^. 'Vv^^-^ 
edition , . , , , , • » . ^ . ♦ • » ^ 
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REED'S ENGINEERS' HANDBOOK, to the Local 

Marine Board Examinations for Certificates of Competency as First 
and Second Class Engineers. By W. H. Thorn. With the answers 
to the Elementary Questions. Illustrated by 297 diagrams and 36 
large plates. Twelfth edition, revised and enlarged. 8vo, cloth, $4.50 

REID, Lieut.-Col. W. Law of Storms. An attempt to 
develop the Law of Storms by means of Facts, arranged according 
to Place and Time, and hence to point out a Cause for the Variable 
Winds, with a View to Practical Use in Navigation. Large 8vo, 
cloth, with maps $5.oa 

RICE, Prof. J. M., and JOHNSON, Prof. W. W. On a 

New Method of obtaining the Differentials of Functions, with espe- 
cial reference to the Newtonian Conception of Rates or Velocities. 
i2mo, paper 5c 

ROEBLING, J. A. Long and Short Span Railway 

Bridges. Illustrated with large copperplate engravings of plans and 
views. Imperial folio, cloth $25.00 

ROGERS, Prof. H. D. The Geology of Pennsylvania. 

A Government Survey, with a General View of the Geology of the 
United States, essays on the Coal Formation and its Fossils, and a 
description of the Coal Fields of North America and Great Britain. 
Illustrated with plates and engravings in the text. 3 vols. 4to, 
cloth, with portfolio of maps $15.00 

ROSE, JOSHUA, M.F. The Pattern-Maker's Assistant. 

Embracing Lathe Work, Branch Work, Core Work, Sweep Work, 
and Practical Gear Constructions, the Preparation and Use of Tools, 
together with a large collection of useful and valuable Tables. Third 
edition. Illustrated with 250 engravings. 8vo, cloth . . . $2.^0 

SABINE, ROBERT. History and Progress of the 

Electric Telegraph. With descriptions of some of the apparatus. 
Second edition, with additions. i2mo, cloth $1.25 

SAELTZER, ALEX. Treatise on Acoustics in Connec- 
tion with Ventilation. i2mo, cloth $1.00 

SALOMONS, Sir DAVID, M.A. Management of 

Accumulators and Private Electric-Light Installations. A Practical 
Handbook. Third edition, revised and enlarged. i2mo, cloth, $1.20 

SAUNNIER, CLAUDIUS. Watchmaker^s Handbook. 

A Workshop Companion for those engaged in Watchmaking and 
allied Mechanical Arts. Translated by J. Tripplin and E. Rigg. 
Second edition, revised and appendix. i2mo, cloth .... $3.50 

SAWYER, W. E. Electric -Lighting by Incandescence, 

and its AppJication to lnter\or IWMmxYv^iCxoTv. A. Practical Treatise. 
With p6 illustrations. Third ed\\.\OYv, ^no^cXoxV 
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SHUNK, W. F. The Field Engineer. A handy book of 
practice in the Survey, Location, and Track-work of Railroads, con- 
taining a large collection of Rules and Tables, original and selected, 
applicable to both the Standard and Narrow Gauge, and prepared 
with special reference to the wants of the young Engineer. Seventh 
edition. i2mo, morocco, tucks $2.50 

SIMMS, F. W. A Treatise on the Principles and Prac- 
tice of Levelling. Showing its application to purposes of Railway 
Engineering, and the Construction of Roads, etc. Revised and 
corrected, with the addition of Mr. Laws' Practical Examples for 
setting out Railway Curves. Illustrated. 8vo, cloth . . . $2.50 

SLATER, J. W. Sewage Treatment, Purification, and 

Utilization. A Practical Manual for the Use of Coporations, Local 
Boards, Medical Officers of Health, Inspectors of Nuisances, Chem 
ists, Manufacturers, Riparian Owners, Engineers, and Rate-payers. 
i2mo, cloth $2.25 

SMITH, ISAAC W., C.E. The Theory of Deflections 

and of Latitudes and Departures. With special applications to 
Curvilinear Surveys, for Alignments of Railway Tracks. Illustrated. 
i6mo, morocco, tucks $3.00 

SIMMS, FRED. W. Practical Tunnelling. Explaining 

in detail Setting-out of the Work, Shaft-sinking, Sub-excavating, 
Timbering, etc , with cost of work. 8vo, cloth .... $7 50 

STAHL, A. W., and WOODS, A. T. Elementary 

Mechanism. A Text- Book for Students of Mechanical Engineering. 
i2mo $2.00 

STALEY, CADY, and PIERSON, GEO. S. The Sepa- 
rate System of Sewerage ! its Theory and Construction. 8vo, 
cloth $2.50 

STEVENSON, DAVID, F.R.S.E. The Principles and 

Practice of Canal and River Engineering. Revised by his sons 
David Alan Stevenson, B. Sc, F.R.S.E., and Charles Alexander 
Stevenson, B. Sc, F.R.S.E., Civil Engineer. Third edition, with 
17 plates. 8vo, cloth $10.00 

The Design and Construction of Harbors. A Treatise 

on Maritime Engineering. Third edition, with 24 plates. 8vo, 
cloth 5l^io-oc 

STILES, AMOS. Tables for Field Engineers. De- 
signed for use in the field. Tables containing all the functions of a 
one degree curve, from which a corresponding one can be found for 
any required degree. Also, Tables of Natural Sines and Tangents. 
i2mo, morocco, tucks $2,00 

STILLMAN, PAUL. Steam-Engine Indicator and the 
Improved Manometer Steam and Vacuum Gauges: their Utility and 
ApplicatioiL New edition. i2mo, f^^x\>o\t ^^oSSx • * * * 
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SCHUMANN, F. A Manual of Heating and Ventilation 

in its Practical Application, for the use of Engineers and Architects. 
Embracing a series of Tables and Formulae iox dimensions of heat- 
ing, flow and return pipes for steam and hot-water boilers, flues, etc. 
i2mo, illustrated, full roan 1 1.50 

Formulas and Tables for Architects and Engineers 



in calculating the strains and capacity of structures in Iron and 
Wood. i2mo, morocco, tucks %\'V^ 

I CIENCE SERIES, Van Nostrand's. See List. 

SCRIBNER, J. M. Engineers* and Mechanics' Com- 
panion. Comprising United States Weights and Measures, iMen 
suration of Superfices and Solids, Tables of Squares and Cubes, 
Square and Cube Roots, Circumference and Areas of Circles, the 
Mechanical Powers, Centres of Gravity, Gravitation of Bodies, Pen 
dulums, Specific Gravity of Bodies, Strength, Weight, and Crush of 
Materials, Water- Wheels, Hydrostatics, Hydraulics, Statics, Centres 
of Percussion and Gyration, Friction Heat, Tables of the Weight of 
Metals, Scantling, etc., Steam and the Steam-Engine. Nineteenth j 
edition, revised. i6mo, full morocco $1.50 

Engineers', Contractors', and Surveyors' Pocket 

Table-Book. Comprising Logarithms of Numbers, Logarithmic 
Sines and Tangents, Natural Sines and Natural Tangents, the 
Traverse Table, and a full and complete set of Excavation and Em- 
bankment Tables, together with numerous other valuable tables for 
Engineers, etc. Eleventh edition, revised. i6mo, full morocco, $2.00 

SCHELLEN, Dr. H. Magneto-Electric and Dynamo- 
Electric Machines : their Construction and Practical Application to 
Electric Lighting, and the Transmission of Power. Translated from 
the third German edition by N. S. Keith and Percy Neymann, Ph.D. 
With very large additions and notes relating to American Machines, 
by N. S. Keith. Vol. 1., with 353 illustrations. Second edi- 
tion $5.00 

SHIELDS, J. E. Notes on Engineering Construction. 

Embracing Discussions of the Principles involved, and Descriptions 
of the Material employed, in Tunnelling, Bridging, Canal and Road 
Building, etc. i2mo, cloth $1.50 

SHOCK, Chief-Eng. W. H. Steam-Boilers : their De- 

sio:n. Construction, and Management. 450 pages text. Illustrated 
with 150 woodcuts and 36 full-page plates (several double). Quarto, 
half morocco 

SHREVE, S. H. A Treatise on the Strength of Bridges 

and Roofs. Comprising the determination of Algebraic formulas for 
strains in Horizontal, Inclined or Rafter, Triangular, Bowstrinsf, 
Lenticular, and other Trusses, from fixed and moving loads, witli 
practical applications and examples, for the use of Students and En- 
gineers, 87 woodcut \\\uslra\\ons. T\v\t^ ^^\\aotv. ^n^^^^^VqIIv^ I3.50 



SCIENTIFIC PUniJCATtONS;, 



STONEY, B. D. The Theory of Stresses in Girders 

and Similar Structures. With observations on the application of 
Theory to Practice, and Tables of Strength, and other properties of 
Materials. New revised edition, with numerous additions on Graphic 
Statics, Pillars, Steel, Wind Pressure, Oscillating Stresses, Working 
Loads,- Riveting, Strength and Tests of Matefids. 8vo, ^^^ pages, 
143 illustrations, and 5 folding plates $12.50 

STUART, B. How to become a Successful Engineer. 

Being Hints to Youths intending to adopt the Profession. Sixth 
edition. i2mo, boards 50 

SWEET, S. H. Special Report on Coal, showing its 

Distribution, Classification, and Cost delivered over different routes 
to various points in the State of New York and the principal cities 
on the Atlantic Coast. With maps. 8vo, cloth $3.00 

SWINTON, ALAN A. CAMPBELL. The Elementary 

Principle of Electric Lighting. Illustrated. i2mo, cloth. . . .60 

TONER, J. M. Dictionary of Elevations and Climatic 

Register of the United States. Containing, in addition to Eleva- 
tions, the Latitude, Mean Annual Temperature, and the total Annual 
Rainfall of many localities. With a brief Introduction on the 
Orographic and Physical Peculiarities of North America. 8vo, 
cloth $3.75 

TUCKER, Dr. J. H. A Manual of Sugar Analysis. In- 
cluding the Applications in General of Analytical Methods to the 
Sugar Industry. With an Introduction on the Chemistry of Cane 
Sugar, Dextrose, Levulose, and Milk Sugar. 8vo, cloth, illus- 
trated $3.50 

TUNNER, P. A Treatise on Roll-Turning for the 

Manufacture of Iron. Translated and adapted by John B. Pearse of 
the Pennsylvania Steel- Works, with numerous engravings, woodcuts, 
and folio atlas of plates $10.00 

UNIVERSAL (The) TELEGRAPH CIPHER CODE. 

Arranged for General Correspondence. i2mo, cloth . . . $1.00 

VAN NOSTRAHD'S Engineering Magazine. Complete 
sets, 1869 to 1886 inclusive, in 35 vols, in numbers .... $20.00 

Complete sets, in 35 vols., in cloth $40.00 

Complete sets, in 35 vols., in half morocco $90.00 

VAN WAGENEN, T. F. Manual of Hydraulic Mining. 

For the Use of the Practical Miner. i8mo, cloth . . . . $1.00 

WAINWRIGHT, Col. WM. P. Animal Locomotion. 

Radical Mechanics of Animal Locomotion, with Remarks on the 
Setting-up of Soldiers, Horse and YocX, -axA o^ ^^ 
Cavalry Horses. i2mo • 



D, VAN NOSTRAND COMPANY. 
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WALKER, FRED. W.,M.E. Practical Dynamo- Build- 
ing for Amateurs. i2mo, cloth 80 

WALKER, W. H. Screw Propulsion. Notes on Screw 
Propulsion, its Rise and History. 8vo, cloth ^j^ 

WANKLYN, T. A. A Practical Treatise on the Exami- 
nation of Milk and its Derivatives, Cream, Butter, and Cheese. 
i2mo, cloth I^i.oo 

WARD, J. H. Steam for the Million. A Popular Treatise 
on Steam, and its application to the Useful Arts, especially to Navi- 
gation. 8vo, cloth $1.00 

WARING, GEO. E., Jr. Sewerage and Land Drainage. 

Large Quarto Volume. Illustrated with wood cuts in the text, and 
full-page and folding plates $6.00 

WATT, ALEXANDER. Electro-Deposition. A Practi- 
cal Treatise on the Electrolysis of Gold, Sil^r, Copper, Nickel, and 
other Metals, with Descriptions of Voltaic Batteries, Magneto and 
Dynamo-Electric Machines, Thermopiles, and of the Materials 
and Processes used in every Department of the Art, and several chap- 
ters on Electro-Metallurgy. With numerous illustrations. Second 
edition, revised and corrected. ' Crown 8vo, 568 pages . . . $3.50 

Electro- Metallurgy Practically Treated. Sixth edition, 

considerably enlarged. :2mo, cloth $1.00 

WEISBACH, JULIUS. A Manual of Theoretical 

Mechanics. Translated from the fourth augmented and improved 
German edition, with an Introduction to the Calculus by Eckley B. 
Coxe, A.M., Mining Engineer. 1,100 pages, and 902 woodcut illus- 
trations. 8vo, cloth $10.00 

Sheep $11.00 

WEYRAUCH, J. J. Strength and Calculations of 

Dimensions of Iron and Steel Construction, with reference to the 
Latest Experiments. i2mo, cloth, plates $1.00 

WHIPPLE, S., C.E. An Elementary and Practical 

Treatise on Bridge Building. 8vo, cloth $4.00 

WILLIAMSON, R. S. On the Use o^the Barometer on 

Surveys and Reconnoissances. Part I. Meteorology in its Connec- 
tion with Hypsometry. Part II. Barometric Hypsometry. With 
illustrative tables and engravings. 4to, cloth $15.00 

Practical Tables in Meteorology and Hypsometry, 

in connection with the use of the Barometer. 4to, cloth . . $2.50 

WRIGHT, T. W. A Treatise on the Adjustment of 

Observations. With applications to Geodetic Work, and other 
Measures oi Precision. 8vo, c\o\\v v . $4.00 



